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PREFACE

The charta in this Handbook have been prepared from basic data supplied
by representatives appointed I.n each country, thus assuring that the
information is the best available at the present time. These representa-
tives are also responsible for the approval of their National Section.

V and the preparation of the Handbook has been possible only with their
enthusiastic co-operation.[ The representatives who assisted in the preparationof Volume III are:-

Belgium - Lt. Ool. A. Parot, Belgian Air Force
Canada - H. V. Kinsey, Department of Mines & Technical SurveysIFrance - J. Faguet, Service Technique Aeronautique
Germany - Dr. Ing. K. Reichel, Stuttgart-ZuffenhauseniItaly - Ing. T. Ivaldi, Fiat, Divizione Aviazione
Netherlands - H.P. van Leeuwen, Nationaal Luchtvaartlaboratorium
Norway - Capt. E. Tandberg, Royal Norwegian Air Force
United Kingdom - F. Clifton. Royal Aircraft Establishment

United Stat~es - D. Shinn. Wright Air Development Center

The charts will be reissued from time to time as additioial or improved
data become available, and it is envisaged that tme Handbook may be
extended at a later date to include other materials, in a~rticular re-
f ractory metals.

Users of the Handbook are invited to comment to the Panel on the data
or on the form of presentation. and consideration will be given to these
comments in the preparation of further issues.

ChairmanSC.Structures and Materials Panel

February 1963
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INTRODUCTION TO VOLUME III

PURPOSES AND USES OF THE HANDBOOK

A thorough knowledge of relevant material properties is a fundamental requirement of
efficient aircraft design. Furthermore, a careful comparison of different materials.
and particularly materials produced by different countries, is often of great value
when considering manufaclure under licence, modification or repair. Much of the basic
information necessary for such a comparison is already available, although it is often'1 widely scattered. The purpose of this Handbook therefore, is to collect the available
information on aircraft materials produced by the nations of the NATO alliance, and to
present this information in a consistent and systematic form.

In addition to its uses as a standard reference book, this Handbook could be used
as an aid in the comparison of test results and in the comparison of the enCineering
practices of the various NATO nations. It could also be used to give an indication of
some unknown property of a material by comparison with other similar materials whose

!relevant properties are known.

It is hoped that an outcome of the establishment of a standard format will be to
i form.

S E VOLUME III OF THOE HANDBOOK

Ibisthird volume of the Handbook deals with those magneaium, nickel and titanium
alloyswhich are of most interest for structural use in aircraft of the NATO nations.

Nce and pa titanuml atrallos whcp redused ony d fferen contries, riveoten hav noet baeee

thincluded. However, a large proportion of magnesium alloy is used in the cast form and
magnesium casting alloys have been included in this volume. This has necessitated the
introduction of a classification of three types of test for use in the Static Proper-
ties charts. The classification is explained on p.3 of this Introduction.

The nations for which data are included in this first issue are Canada, France,
Germany, Italy, the Netherlands, the United Kingdom and the United States. It has
been established that none of the other NATO nations produce magnesium, nickel or
titanium alloys which are used structurally in aircraft.

GENERAL LAYOUT

The data are divided into National Sections, each section dealing with the alloys
produced by one country.

A inthsfo-



In each National Section there is, for each distinct alloy, or group of alloys, a
set of sheets which give data on the physical and mechanical properties, both at room
and elevated temperatures. Preceding these sheets are Introductory Notes which give
general information and amplify such points as the designations and specifications of
the alloys, heat treatment, testing procedures and other information which it is not
practicable to include on the charts. It is advisable that these Notes should be read
carefully before using any of the charts.

To facilitate the addition of information a loose leaf format has been adopted.

V PRESENTATION OF DATA

The data are presented in tabular rather than graphical form. This presentation
has the merit of simplicity, the data take up less space and modifications or altera-
tions are simple to carry out. Where variation of properties with respect to two or
more variables is involved, the choice of the most suitable variable as the abcissaC)• will depend on the use to which the data are to be put; the tabular presentation leaves
the user free in this choice. Also. when plotting curves for a specific purpose it
is a simple matter to convert the units when working from tabulated values.

The wording on the charts is kept to a minimum, symbols replaci.ng words wherever
possible. The presentation is such that little, if any, translation will be required.

Any information which is non-standard, or any points which need stressing are dealt
with by footnotes, references to which are displayed around the edges of the charts
and apply to rows or columns.

NOTATION AND UNITS

The Notation chart given at the end of this Introduction shows the symbols used for
the various properties. In each National Section a notation acceptable by that nation
is used, and the chart enables comparison of the various notations used.

The units, which are quoted on every chart, are those used by the country of origin
of the alloy. A chaf't giving Conversion Scales enables easy and rapid conversion from
one system of units to another. This chart follows the Notation chart at the end of

-• this Introduction.

DATA BASIS

On all the sheets giving mechanical properties, there is a statement on the statis-
tical basis of the information. This is given as Data Basis 'A', 'B, or 'C' at the
top of each sheet. The coding for each statistical basis is:-

A - minimum guaranteed values, i.e. the values listed are the
minimum to be expected.

B - 90% probability values, i.e. the values listed will be met
or exceeded by 90% of the material supplied.

C - Typical (basis for typicality not specified).

Mag-Ni-Ti-Al-Intro. - 2-
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The preferred basis is WB' 90% probability values. but if these values are not
available the order of preference is first Data Basis 'A' and then. VC.

TYPES OF TEST FOR CASTINGS

In the Static Properties charts for magnesium castings the properties are given for
three types of test which are distinguished by the letters 'a', Vb and Vc on the

charts. The significance of these is as follows.

a - Tests on special separately cast test specimens.

b - Tests to find the minimum properties of castings using specimens cut from
various locations in production castings.

c - Tests to find the average properties throughout castings using specimens
cut from various locations in production castings.

The results of each type of test may be given to 'Data Basis A, B or C, as defined
under 'Data Basis' in this Introduci~on.

The manner in which these properties are applied for design purposes varies consi-
derably. In general th~e castings are designed and accepted on the basis of one or
more of the following procedures, dcpending on the importance or degree of complication
of the component.

1) Acceptance by calculation

2) Acceptance by tests on complete production castings loaded in a manner repre-
sentative of working conditions

3) Acceptance by tests on specimens cut from castings

4) Acceptance by radiological or other defect detention methods.

The properties used when designing by procedure (1) are either those from 'Type of
Test: a' with a reduction factor, or those from 'Type of Test: b'. When procedures
(2) and (3) are followed,the properties from 'Types of Test: b and c' are required.

* Procedurp (4) is used glone only for lightly stressed parts, but great Importance is
attached to this when used in conjunction with the other procedures, particularly in
the case of complicated castings. 'Type of Test: a' properties are aloof value in
the comparison of the properties of alloys from different countries.

DATA PRESENTED

'\For each distinct alloy or group of alloys a set of charts is given which include,
for various forms and conditions of the alloy, information on the chemical composition
and physical and mechanical properties at room and at elevated temperatures. A complete
list of the propertics covered is given at the end of these notes. For some of the
alloys dealt with, the complete range of data is not yet available.

The General Properties chart gives the chemical composition of the alloy by quoting
the limits of each alloying element as a percentage by weight of the total, with either
upper and lower limits or an upper limit only.

Atag-Ni-Ti-Al-Intro. -3-



The General Properties chart also gives selected physical pixjperties of the alloy
at room temperature and at elevated temperatures.

The Static Properties charts state the relevant official specifications and group
the properties at room temperature according to form, heat treatment condition and
thickness of the material. Two or three rows are included for some of the properties
so that variation with grain direction or other parameters mpy be noted.

For a number of applications the shape of the compression stress-strain curve, up
to about the 0. 5 per cent offset yield stress, is of interest. Thus rather than present

Sa large number of typical curves, values of the 0. 1, 0. 2 and 0. 5 per cent offset yield
stresses in compression are quoted. These values, together with the value of the
Modulus of Elasticity in compression, may be used, in a method such as that given in
the Royal Aeronautical Society Structures Data Sheets 00.02. 00, 00.02.04 and 00.02.05.
to provide information relevant to 'he shape of the stress-strain curve.

t) For the Fatigue Properties chart, reliable results have been selected from tests on
specimens subject to various loading conditions, Brief descriptions of the test
specimens are given on each chart, and further information is given in the Introductory
Notes to the relevant National Section.

On the Short Time Properties at Elevated Temperature chart and the Recovered Pro-
perties after Exposure to Elevated Temperature chart, the mechanical properties after
various times of exposure are expressed as percentagesof their values at room tempera-
ture. The room temperature property on which these percentages are based and the
temperature at which it applies are quoted when known at the head of the column. In
general, data are included for temperatures up to the maximum working temperature.

The charts which give data on creep are headed Properties under Load and Elevated
Temperature. The first sheet gives, as percentages of the ultimate tensile stress,
the stresses required to produce specified total deformations after various times at
elevated temperatures. A second sheet gives, as percentages of the ultimate tensile
stress, the stresses required to produce specified minimum creep rates at various
temperatures, and also the stresses required to cause tensile failure in a specified
time at various temperatures. As for the other elevated temperature charts, the room
temperature referenc- properties are given on the charts when known.

Mag-Ni-Ti -Al-Intro -4-



LIST OF PROPERTIES
The properties included on the charts are listed below. The properties are listed

in the order in which they appear for each alloy and are grouped under the title of the
relevant chart.

GENERAL PROPERTIES

Chemical composition

Physical properties

Density
Specific heat

Thermal conductivity
Coefficient of thermal expansion
Emissivity

STATIC PROPERTIES

Ultimate stress in tension
Offset yield stress in tension
0. 1 per cent offset yield stress in compression
0.2 per cent offset yield stress in compression
0. 5 per cent offset yield stress in compression
Ultimate shear stress
Ultimate bearing stress
Yield f'ress in bearing
Modulus of elasticity in tension
Modulus of elasticity in compression
Shear modulus
Ultimate elongation

PFTIGUE PROPERTIES
Rotating bending test
Reversed flexure test
Repeated axial load test
Alternating torsion test

SHORT TIME PROPERTIES AT ELEVATED TEMPERATURES

Ultimate tensile stress
Offset yield stress in tension
0. 2 per cent offset yield stress in compression
Ultimate shear stress
Yield stress in bearing
Elastic modulus

RECOVERED PROPERTIES AFTER EiOSURE TO ELEVATED TEMPERATURE
Ultimate tensile stress
Offset yield stress in tension
0.2 per cent offset yield stress in compression
Ultimate shear stress

PROPERTIES UNDER LOAD AND ELEVATED TEMPERATURE

Time to creep to various deformations
Minimum creep rate
Time to tensile failure

February 1963
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Volume III
Magnesium,
Nickel &
Titanium Alloys

CANADIAN SECTION

CONTENTS

1. Introductory Notes.

2. Charts as given in the table below.

Magnesium Alloys Title of Chart Issue No. Date

AZ 91 General Properties 1 Feb. 1962
Static Properties 1

EZ 33 General Properties 1
Static Properties 1
Short Time Properties at Elevated Temperature I

HZ 32 General Properties 1
Static Properties 1
Short Time Properties at Elevated Temperature 1 U

,ZKC 61 General Properties 1
Static Properties 1

March 1962
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S~CANADIAN SECTION
• INTRODUCTORY NOTES

The Introduction to Volume III of this Handbook explains the general layout adopted
for the presentation of the data, together with details of properties considered andC •the explanation of various terms. The purpose of the following notes is to amplify
these points, where necessary, in relation to thosc, Canadian alloys which are included.

DESIGNATION

The designations of the Canadian magnesium alloys are descriptive of the composition
of the material. The designation consists of an initial grotW of letters indicating
"the main alloying elements followed by numbers which signify the approximate average
percentage content of each of these elements.

The letters used to indicate elements are as follows:-

A - Aluminium K - Zirconium
E - Rare Earth Metals Z - Zinc
H - Thorium

Thus EZ33 is a magnesium alloy containing 3 per cent rare earth metals and 3 per
( cent zinc.

SPECIFICATIONS

As for all the National E-ections. the specifications appropriate to the various
forms and conditions of the alloys are indicated on the Static Properties charts wherever
possible.

CSA specifications are issued by:-

Canadian Standards Association,
235 Montreal Road,

Ottawa 2,

Ontario, Canada.

There is at present no CSA specification for HZ32 alloy, and the properties quoted
are appropriate to the commercial specifications B50 T16B - 54 (aged) issued by the
General Electric Company and OT - M - 4 (stabilised) issued by Orenda Engines, Ltd.
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MATERIALS COVERED

This Section of the Handbook lists the available established data on those magnesium

casting alloys produced in Canada which are most widely used in aircraft construction.

CHEMICAL COMPOSITION

The General Properties charts give the chemical composition by quoting the limits of
the alloying elements as a percentage by weight of the total.

CONDITION

The 'Condition' row on the charts refers to the type of heat treatment and condi-
tioning. The conditions of the various alloys are indicated on the charts by symbols
which have the same meaning as those used in the United States section. The symbols

used in the Canadian section are as follows:-

T5 - Artificially aged only.
T6 - Solution heat treated and then artificially aged.
T7 - Solution heat treated and then stabilised.

NOTATION

The notation used in this Section of the Handbook for the various physical and mech-
anical properties of Canadian alloys is defined in the Notation Chart in the Introduc-
tion to Volume 111. This chart also compares the notations used for the other National
Sections. Points where any amplification is needed are dealt with under the appropriate

headings below.

UNITS

The units used for the various parameters and properties are indicated on each of
the charts. For mechanical properties the stresses and moduli are given in units of
10 3lb/in 2 . whilst temperature is quoted in degrees Centigrade. For conversion to other
units see the Conversion Scales chart given in the Introduction to Volume III.

DATA BASIS

The Introduction to Volume III of this Handbook describes the use of the symbols
'A'. W' and 'C' denoting the data basisof the values for the various properties given

on the charts. Special aspects of this in relation to the values quoted for the
Canadian alloys are outlined below.

A - This indicates that the values listed are minimum guaranteed properties. i.e.
specification properties.

B - Insufficient data are available to quote Data Basis 'B' vrtlues for any of the
Canadian alloys.

C - This indicates that the values listed are typical for the material, there being
insufficient data to determine values for basis 'A' or 'B'.

-2-
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In general the data basis used on any chart is shown at the top of the chart, but
special attention must be paid to footnotes which sometimes indicate a different basis
for some particular part of the chart.

STATIC PROPERTIES CiARTS

Tensile strength properties are given for three types of test distinguished by the
letters Wa' W' or 'c' in the row labelled 'Type of Test'. The significance of these
symbols is explained below.

TYPE OF TEST

a - This Indicates that the values listed are for separately cast test specimens.

* b - This indicates that the values listed are the minimum for any single specimen
cut from a critical area of an actual casting.

c - This indicates that the values listed are the average of at least four test bars
cut from any area of an actual casting.

ELEVATED TEMPERATURE DATA

On these charts the data are presented 'as percentages of the appropriate room
temperature values, which are indicated when known in brackets at the head of the
column. The initials R. T. signify that the data were obtained from tests conducted at
an unspecified room temperature.

3|
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GENERAL PROPERTIES AZ 91
Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

"Form At Zn Mn Mg

Sand 8'3 0.4 0"13 Rmainder

Casting 9 3 1-0 Mi. 
____.

PHYSICAL PROPERTIES

____Temperature *C

Property Units Condition T. __

R.T.

cj Omy/cm3 1.81

K cacw/(,,,e. c.. o

a per CxlO-e

' __ _ _ _ _ _ _ _ _ _ _



STATIC PROPERTIES CAZ 9.1A

(SHEET Magnesium Alloy
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GENERAL PROPERTIES CANADA
EZ 33

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)
J

Form Zn Zr Rare Mg
- ~~~~~~Earths-----------------------eone

Sand 2.5 0.5 2,5
Costing 0 1-0 4-0 Remaindr

PHYSICAL PROPERTIES

___Temperature Cc
Property Units Condition RTT

w gm/CM3 183

Kc " M%.C.

• ! K •. s, '4

a ~Per *CxlO
ia

i.E
m~

'5



CA MI A r% ASTATI C PROPERTIES EZ33MU
(SHEET )Magnesium Alloy

C)P

0;0

C) 0

Jilli1zf



I.

SHORT TIME PROPERTIES ^ANAFA

AT ELEVATED TEMPERATURE EZ 33
(SHEET ) Magnesium Alloy
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GENERAL PROPERTIES HCZ 32

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Th Zr Zn Mg

nd Caging 2.5 0.5 17.
Specification _- - Remainder

-, TIo, .0 1.0 1.5

2 06Remainder

- GT-M-4 3 170 26

PHYSICAL PROPERTIES

*• Temperature "C ___

Property Units Condition RT _____ __

co ; /cM,.

C caIgol

K col.4fm w -'

a per CxlO

CLE

__________ ____
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STATIC PROPERTIES HZ32
(SHEET ) Mognesum Alloy j
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SHORT TIME PROPERTIES CANADA
AT ELEVATED TEMPERATURE HZ32

(SHEET ) Magnesium Alloy
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CANADA
GENERAL PROPERTIES ZK 61

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Zn Zr Mg

Sand 5'5 0o6 nder
Costing 65 .

PHYSICAL PROPERTIES

Temperature eC

Property Units Condition R.T.

• m,gntcmý .83

c a°,/(og .c)

a per CxO-

U.



STATI C PROPERTIES CANAD
(SHEET )Mognesium Alloy
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FRENCH SECTION

CONTENTS

1. Introductory Notes.
2. Charts as given In the table below.

'7) Magnesiua Title of Chart Issue Date
Alloys No.

G-A9 General Properties 1 June 1961
Static Properties 1

G-Z4Tr General Properties 1
Static Properties 1

G-Z5Zr General Properties 1
Static Properties 1

G-Tr3Z General Properties 1
Static Properties 1

G-Z6H General Properties 1
Static Properties 1

G-H3Z General Properties 1
Static Properties 1

G-A7Z1 General Properties 1
Static Properties 1

G-A3Z1 General Properties 1
Static Properties 1

Cont..
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CONTENTS Continued

Nickel Title of Chart Issue Date
Alloys No.

N-K20CDAT General Properties 1 June 1961
Static Properties 1
Short Time Properties at
Elevated Temperature 1
Properties under Load and
Elevated Temperature. Sheet 1 1
Properties under Load and
Elevated Temperature. Sheet 2 1

N-C20KTA General Properties 1
Static Properties 1
Short Time Prcperties at
Elevated Temperature 1 3

Properties under Load and
Elevated Temperature. Sheet 1
Properties under Load and
Elevated Temperature, Sheet 2 1

TitaniumAlloys

T-A4M General Properties 1
Static Properties 1
Fatigue Properties 1
Short Time Properties at
Elevated Temperature 1 a

Properties under Load and
Elevated Temperature, Sheet 1 1
Properties under Load and
Elevated Temperature. Sheet 2 1 a

T-A6V General Properties 1
Static Properties 1
Fatigue Properties 1
Short Time Properties at
Elevated Temperature 1 a

Properties under Load and
Elevated Temperature

June 1961
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FRENCH SECTION

INTRODUCTORY NOTES

.he Introduction to Volume III of this Handbook explains the general layout adopted
for the presentation of data, together with details of the properties considered and
the explanation of various terms. The purpose of the following notes is to amplify
these points, where necessary, in relation to those French alloys which are included.

DESIGNATION OF ALLOYS

In general the designation of the alloys is based on their mean chemical composition.
The designation consists of a series of letters and numbers.

The first letter indicates the basic element (G : magnesium, N: nickel, T: titanium).

The group of letters and numbers which follows is separated from the first letter
by a hyphen. The letters indicate the most important alloying elements, arranged in
order of decreasirg percentage content. The average percentage content by weight of a
principal alloying element is indicated by a number following the symbol for that
element.

The symbols used are as follows:

A - aluminium N - nickel
C - chromium S - silicon
D - molybdenum T - titanium
Fe - iron Tr - rare earths
G - magnesium U - copper
H - thorium V - vanadium
K - cobalt Z - zinc
M - manganese

As a rule, only the percentage of the first of the principal elements is mentioned,
the percentage of the others only being added to resolve any ambiguity with a similar
alloy.

e.g. T - A6V is titanium alloy containing about 6% of aluminium with some vanadium.

SPECIFICATIONS

The specifications appropriate to the various alloys are indicated on the Static
Properties charts except where themechanical properties requirements are based on time
to tensile failure at elevated temperature, when the specifications are given in a foot-
note to the appropriate Properties under Load and Elevated Temperature chart.



The AIR specifications are issued by:

Ministire de la Defense Nationale et des Forces Armies,
Secr6tariat d' Etat aux Forces Armies (AIR)

and copies can be obtained from:

Service do Documentation et d' Information Technique,
Bureau des Ventes,

2 Avenue de la Porte d Issy,
Paris XVe.

AICMA specifications are issued by:

Association Internationale des Constructeurs de Mat6rial Agronautique,
6 Rue Galilee,

Paris XVIe.

However not all the alloys are covered by AIR or AICMA specifications. Others which
are not yet standardised are included in the Handbook since they are used widely for
aircraft construction in France.

ALLOYS COVERED

This Section of the Handbook lists the available established data on eight magnesium
alloys, two nickel alloys, and two titanium alloys which are widely used in earcraft
construction in France. The materials covered, together with the forms in which they
are produced are listed below. The designations in brackets are also in common use.

MAGNESIUM ALLOYS

G-A9 - sand castings
G-Z4Tr (R-Z5) - sand castings
G-ZSZr (Z-5Z) - sand castings
G-Tr3Z (ZREl) - sand castings
G-Z6H (T-Z6) - sand castings
G-H3Z (ZTI) - sand castings
G-A7Z1 - tubes, extrusions
G-A3Zl - Sheet, plate, tubes, extrusions

NICKEL ALLOYS

N-K20CDAT - bars, forgings
N-C20KTA - bars, forgings

TITANIUM ALLOYS

T-A4M - bars, forgings
T-A6V - bars. forgings, sheet

,Ma,Ni,& Ti-F -2-



CHEMICAL COMPOSITION

The chemicAl composition of alloys covered by an AIR Specification is given in the
General Properties charts by quoting the limits of the alloying elements as a percen-

tase by weight of the total. In those cases where an alloy has not been standardised,
the upper and lower limits in common use have been quoted. In other cases, the analysed

composition of the material used in the mechanical properties tests has been given.

CONDITION

The 'Condition' row on the charts refers to the type of heat treatment and condi-
tioning. The conditions are given in the French form on the charts in order to avoid
slight changes in meaning that might occur with translation.

An indication of the meaning of the terms used is given below, and de,'ails of the
temperatures and times of the various treatments for particular alloys are given in
the table.

Brut de filage dresse - As extruded, straightened
Dur - Hard
Homogdn6ise - Homogenised
Hypertremp6 - Quenched or Solution Treated at high temperature
Recuit - Annealed
Revenu - Tempered or Aged

Traits - Heat Treated
Trempi - Quenched or Solution Treated

Vieilli - Aged

Alloy Condi tion Heating Coo ing

(G-A9 Homoginiisi 24 hrs. at 4000 C Air quench

G-Z4Tr Vieilli 2 hrs. at 3300 Cartificiellement followed by 16 hrs.

-riat 175 0 C Air cooled

a G-Z5Zr Vie~ll 12 hrs. at 175°C Air cooled
S~arti ficiellement

"G-Tr3Z Vieilli 16 hrs. at 1750 C Air cooled
artificiellement

G-Z6H Vieilli 2 hrs. at 3300 C Air cooled
followed by 16 hrs.

artificiellement at 200 0 C

G-H3Z Vieilli 16 hrs. at 3300 C Air cooled
arti ficiellement

Table continued

Ma,,Ni,& Ti-F -3
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Alloy Condition Heating Cooling

N-C20KTA Hypertremp6, 4 hrs. at 11500C
Followed by in Air

mC

R bra, at 10800C

Revenu 16 bra. at 7000C In still air

Revenu 16 bra. at 8500C In still Air

l1

T-A8V Recuit 1 hr.eat 700 0 C

Tremp,, at 850C Water quenchRevenu 2 bra. at 4800C In still air

ol T-A4V Recuit 1 hr. at 7000C f_

The notation used In this Section of the Handbook for the various physical and mecha-

nical properties of the French alloys is defined in the Notation chart in the Introdu-
tion to Volume III. This chart also compares the notations used for the other National
Sections. Points where any amplification isneeded are dealt with under the appropriate

! headings below.

l UNITS

The units used for the various parameters and properties are indicated on each of
the charts. For mechanical properties, the stresses and moduli are given in kg,/mm 2.,
whilst temperature is quoted in degrees Celsius. For conversion to other units see the
Conversion Scales chart given in the Introduction to Volume III.

t DATA BASIS

The symbols 'A' and 'C' denoting the data basis of the values for the various pro-
perties given on the charts of the French Section are explained below.

A - This indicates that the values listed are the minimum to be expected for the
giien material.

C - This indicates that the values listed are typical for the material, there being
insufficient data to determine values for basis 'A' or V.

As explained in the Introduction to Volume III the preferred basis is SB'. i.e.
values which will be met or exceeded by 90% of the material supplied. This data basis
is not used on the French charts.

In general the data basis used on any chart is shown at the top of the chart, but
special attention must be paid to the footnotes which sometimes indicate a different
data basis for some particular part of the chart.

Ma, Ni,& Ti-F - 4



TENSILE STRENGTH

The 0. 2 per cent offset yield stress in tension is given and is denoted by the symbol
'o, 2"

The sub-headings 1' and ',T' used on the Static Properties charts refer to the
longitudinal and long-transverse directions respectively.

The tensile properties (REo 2,A%) are obtained from test pieces selected and pre-
fered in accordance with the appropriate clauses of 'La Norme NF A 03-1011, obtainable
from

O) L'Association Prangais de Normalisation (AFNOR),
23, Rue Notre Dame des Victoires,

PARIS 2 e.

Sl)ELONGATION
The values of elongation given on the charts are quoted as the percentage elongation,

at fracture, of the gauge length. For each alloy the values are given from measurements
using a gauge length of 8. 16 fIo where So is the initial cross-sectional area of the
test specimen. For details of this test, reference should be made to 'La Norme NFA
03-101'.

However for some alloys a gauge length qf 5, 654so was used and this is indicated by
a footnote on the appropriate chart.

FORGINGS

The Strength properties of forgings can vary markedly, but the values quoted give
an indication of the level of strength that might be expected in a simple forging.
The properties given for the nickel alloy forgings refer particularly to turbine blades.
For details of tepting and inspection of forgings, reference should be made to the
specification AIR 3385.

CASTINGS

The Stat.ic Properties charts give data for castings for two types of test specimen.
These are distinguished bythe letters 'a' and 'W' in the row designated *rype of Test',
The significance of these values is indicated below.

Wa' - This indicates that the values given are the properties for separately cast
test specimens.

- This indicates that the values given are the properties for specimens cut
from castings in an area specified by the designer.

The properties of separately cast test specimens are not used for design purposes,
being normally used only for foundry control. However they are of interest for the
comparison of the properties of alloys, particularly between those of countries which
have different methods of arriving at design values for specimens cut from castiugs.

MaNi,& Ti-F - 5-



It should be noted that there is often a considerable variation In mechanical pro-
perties between different areas of a casting. This variation depends largely on thee
local rate of cooling, which is Influenced by such factors as the local thickness, the
pouring temperature, the method of feeding, etc. However, it has been found that by
careful design and control of foundry technique it is possible to obtain consistently
the properties quoted under Type of Test : W' in a specified area of the casting.

In other areas of the casting, over which no special precautions have been taken.
the properties may not reach these values. For this reason, and also because many
castings are very complicated and not amenable to accurate calculation of the stresses,
great emphasis is placed on the examination of the cast lags by radiographic means and
on break-up tests of sample castings.

Full information on the French requirements and procedure for the manufacture and
testing of castings for aeronautical applications may be found in the publication AIR

i 3380 entitled 'Instruction relative aux Pikces de ponderie Destinies aux Constructions
Aeronautiques'.

Copies may be obtained from:

Service de Documentation ot d'Information Technique,
Bureau des Ventes,II2, Avenue de la Porte d' Issy,

FATIGUE PROPERTIES

The Fatigue Properties charts give data from rotating bending and repeated axial
loading tests. The type of specimen is indicated briefly on the charts, and details
of the geometry and the elastic concentration factors Kt. for the notches are given
below.

The rotating bending tests were carried out on smooth round specimens of two shapes.

1) Smooth specimen TOM (torique grand modkle) - large toroidal pattern

Minimum diameter of specimen = 6.5 mm.
Radius of generating circle = 105 t.

2) Smooth specimen CPU (conique petit modble) - small conical pattern.

Diameter of section of maximum stress 4.66 mm.
Semi-angle at apex of cone 2 Ps30s

The repeated axial loading tests were performed on smooth and notched flat plate
specimens.

1) Smooth waisted Schenk specimen -- = 1.05)

Width = I Q Mnn.
Radius at root of waist = 62.5' m.

,VaNi,& Ti-F 6
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2) Notched Schenk specimen. (Kt - 2)

Width outside notch = 14 w.
Width at root of notch = 10 mm.
Radius at root of notch = 2 mm,

3) Notched Schenk specimen, (Kt = 2)

Width outside notch = 14 mm.
Width at root of notch = 10 mm.

Radius at root of notch = 0.62 mm.

In all cases, the Nominal Maximum Stress' quoted on the charts is the maximum stress
across the critical section of the specimen, determined at the maximum load of the
fatigue cycle.without correction for stress concentration effects. The 'Stress Ratio'
quoted on the charts is the ratio of minimum to maximum stress during the fatigue cycle

C)- with compressive stress being taken negative, and tensile stress positive.

It should be noted that there is always a wide scatter of results with tests of this
type, and the values given on the charts represent mean lines through the scatter bands.

ELEVATED TWURATVRE DATA

On these charts the data are presented as percentages of the appropriate room tempera-
ture values. The room temperature value is given in kg. /=n 2 ., together with the value
of 'room temperature' in OC, in brackets at the head of each column.

The elevated temperature tensile test pieces and those used for the room temperature
tests are identical, conforming to La Norme NP A 03-101' with a gauge length 1o = 8. 16
4Ir except for the titanium alloys when the AIGMA specimens are used with a gauge
length of 5.654'o . In all cases the tests were conducted with a strain rate of
between 0.001 and 0.002 mm. per mm. per minute.

For the Properties under Load and Elevated Temperature charts, the data were obtained
from test pieces in accordance with the specification AIR 0820. The creep data
presented on these charts give the stresses (expressed as percentages of the room
temperature values of R) which, at a given temperature, will lead

1) to a permanent deformation of 0.2%
and 2) to rupture
at the end of the period of time indicated.

It should be noted that the creep deformation quoted is the permanent deformation.
and does not inc.ude elastic extension or thermal expansion.

Some specifications, for alloys for high temperature service, base the strength
requirements on time to tensile failure at given temperatures and streises, rather than
on the room temperature tensile properties. In such cases the actual stresses, instead
of percentages of the room temperature values, are quotedon the Time to Tensile Failure
charts. The Data Basis is 'A', and the specific number is quoted in a footnote.
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GENERAL PROPERTIES FRANC

CHEMICAL COMPOSITION (per cent)

Form Cu Al Mn Zn Si Fe N4 mg

o02 7-5 015 0o1 0-3 0o 0011

_CostnMax. 9-0 0-6 I1- Max. Max. Max. R

PHYSICAL PROPERTIES

Temperature oC
Property Units Condition 20 100 200 300 400

All
g cm•. Conditions 1.8

All
Calm 0o24 0.24-• WC)Condciions

K c•,.cm/(cmsm.'c Homog•-s 0.12

per cxlO Hom se 27"2 27.2 27"2

mI

__ __ _ __ __ __ ______ __ _
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STATI C PROPERTIES FRANC

(SHEET )Magnesium Alloy
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FRANCE
GENERAL PROPERTIES G-Z4Tr

Magnesium AIlly

CHEMICAL COMPOSITION (per cent)

Form Cu Al WI M Zn Si Fe Ni Zr Mg

0.03 0-02 015 35 0.01 0.01 0005 04 0.75Casting Max. Max. Max. 5o max. max. max. 170 i18 Pbmcidw

PHYSICAL PROPERTIES

1 f Temperature "C

Property Units Condition 20 1o0 200 300 400

gM./Cs All
Conditions 1-84

Cal m odtAll
C M. 0.23 0.23

K o,.cm./( %.c " Vieilli 0.27

a Per"CxI0" VMeilli 27.1 27-1 27.1

_ _ _ _ _ _ _

L;J
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El FRANCE
GENERAL PROPERTIES G-Z5Zr

Magnesium Aloy

CHEMICAL COMPOSITION (per cent)

Form Cu Al Mn Zn Si Fe N i Zr Mg
Cotn.003 0-02 0-15 3-5 0-01 0-01 0005 0-4

____Max. Mo. Max. vl5 Max. max. max. i-0

PHYSICAL PROPERTIES

Property Units Condition 20 Temperature OC
________ _______ _ ___ __ _ _0 100 200 300 400

" II All

- Conditions 8

coCal ium All

A- C M.ICALConditions ( 0 r23

K..c./(c..m n. viejili 020

a per CxUi vietili 273 27•3 27.3

•=•~ m./ AI
• 1• '• Cndtin 18

ii8



E l I STATI C PROPERTIESRAC
(SHEET )Mognbsium Alloy
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U!• FRANCEGENERAL PROPERTIES G-Tr 3Z

,IMogneium AIIW

CHEMICAL COMPOSITION (per cent)

Form Cu AI A Mn Zn Si Fe Ni Zr Rors
Earths m

0.03 0.02 0.15 08 0.01 0'01 0005 04 2'5

Cosin Max. Ma;. Max. 3.0 Max. Max. Max 1. 0 4.0_

PHYSICAL PROPERTIES

i ~Temperature 16CProperty Units Condition 20 T00 200 t 3r 0 400

g m,//. All
Conditions J

C cl/(M. C) All02 05C col m Conditions 0.25 0.

K ca.cm./(cm sec. *c Vielli 0o24

a per CxIO Vieilli 26s8 26.1 26s9

f,_



FRANCE
STATIC PROPERTIES G-1T3Z

(SHEET ) MpusImAky
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FRANCE
GENERAL PROPERTIES G-Z6H

CHEMICAL COMPOSITION (per cent)

Form Cu Al Mn Zn Si Fe Ni Zr Th Rrs[ Mg

Sand 0.03 0.02 0o.5 5.0 0.01 0.01 o.oDo00 .5 02
Costing Max. Max. Max. 6-0 Max. Max. Max. i [0 27-3 m

PHYSICAL PROPERTIES

Property Units Condition 20 4oo 0 00o

g f t /3 All
" Conditions 1.s7

, ~~~a Al!o m02 o.,
C (gmOC) Conditions 0.23 023J

CKLcmjkom's. e VieAlli 0.26

! •,co- I
Vieaili 27.1 27-1 27-1

I.,



FRANCE
STATI C PROPERTIES r2-Z6H(SHEET ) 
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FRANCE
GENERAL PROPERTIES G+13Z

- __-_ :__
Mansu Alo

CHEMICAL CMPROPTIO (per cent)

Form Cu AI Mn Zn Si Fe Ni Zr ThRarO Mg

0"03 0"02 0'15 1"7 0"01 001 0405 0"4 2"5 0.1 R aido

Costng M_ X..MI .5 Max. Max. Max. 10 4-0 Max. ____i

PHYSICAL PROPERTIES

Temperature *C i
Property Units TCondition 20 o T0r Io o

gM/CM3 All 1-83 10 0

Conditions I

-------- 4

Cal.(g.C Alli
C Ag Conditions 23 03

0m
:cac -c MOB 0-ii o2b

a perC xIO Veilli 26.7 26.7 26.7

0lO -SS -' •

z ~ ~ I

- _ _ - _ _ _ _ _



FRANCE
STAT IC PROPERTIES G-H3Z

(SHEET )Mogmsim Alloy
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FRANCE jGENERAL PROPERTIES G-A7ZI
Mwfteurn Alloy

CHEMICAL COMPOSITION (per cent)

OthersForm Al Zn Mn Si Ni Cu Fe tErs gEac-h Total A4
All &.5 o05 o.12 o.3 0. 0o050-007 o.3 -- •Forms e 5 Min. Max. Max. Max Max. Remainder

11 ~1'

i

PHYSICAL PROPERTIES

Property Units Condition Temperature c6 20 100 200 30 40
Allam./g "ICniin ~

--- fc m. Conditions 18

-- I

__m K out c) Annealed 0-12

(a peroC x 10" Annealed 27.3 27.3 27-3

-a- - - --- - -

'-'S
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FRANCE
STATI C PROPERTIES G-A7ZI

(SHEET ) Mogneslum Alloy
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FRANCE
GENERAL PROPERTIES G -Am

CHEMICAL COMPOSITION (percent)

Frn• ]Al Zn Mn St Cu Ni Fe ochltms~o Mg .

All 2.5 0,5 0.2 0.3 005 0-,0 0.3 -

-Forms 3I5 1.5 Min. M0L mL M ax. MaL -

PHYSICAL PROPERTIES

___Temigture "C _

Property Units Condition 20 i" _ _ 'u 0 400

All
SrN//cm's Conditim

Ca 42 m.C) 02All 02 25
Conitions f

SK cm/(�.�~ ") * Awn*leod O"18

an
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FRANCESTATI C PROPERTIES G-A3ZI
(SHEET ) Magrn Alloy
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FRANCE
GENERAL PROPERTIES N CE

-•l ~Ni"kAl #loy

CHEMICAL COMPOSITION (per cent) 4 -

Form C MI Cr Mo At it Co NI

All 022 0-06 1114 4"10 3"9 ;'30 2 Remainder
Forms1JRw~f

PHYSICAL PROPERTIES

Property Units Condition Tmperoatur# oC

Calc.tm 0c

per*CxlO"

AI M.
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FRANCE

STATI C PROPERTIES N-K20CEAT

(SHEET ) Nickel Alloy
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SHORT TIME PROPERTIES FRANCE
AT ELEVATED TEMPERATURE N-K2OCDAT

(SHEET ) Nickdl Allo
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PROPERTIES UNDER LOAD

- AND ELEVATED TEMPERATURE FRANCE
(SHEET I N-K2OCDAT

Nickel Alloy

Units: hrs., *C., kg./mm! Data Basis: C

CREEP DATA

Form Bars and Forgings.

Condition Hypertremp6, revenu.

I ' Prmaen

-D Deformation Per Cent R (122.7 at 200C)
Per Cent

- I 1I--

800 02 
24

850 0.2 21 15

02 856

S0.2 12 8.61

900 1

90 0"2 6-5 4"3S950

-1000 
0.2 3.4 1 .7 j

,._•0"2 1-1

1050

___ ___ __ _ _
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PROPERTIES UNDER LOAD FRANCE
AND ELEVATED TEMPERATURE N-K2OCDAT

(SHEET 2 ) Nickel Alloy

Units: hours, C., kg./mm. Data Basis: C

MINIMUM CREEP RATE

Form

Condition

Creep Rate J

TIME TO TENSILE FAILURE

Fo r I Bnrs and RnOngs.-

Condition Hyertre1mpf, revenu.

T Per Cent R (122-7 at 200C)

600 41 3

0850 29 19

900 19 11

950 II 5.9

1 - I000 6"1 2•9

i1050 2.4 1.1
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GENERAL PROPERTIES N-C20 KTA
Nickel Alloy

CHEMICAL COMPOSITION (per cent)

Form C Si Mn Cr AL "' Co Cu Fe

All o.12 1.5 I IS 0-7 1.8 15 o01 2
FormsM. Max. M.O 21 - 3 21 1 Ma MG.

PHYSICAL PROPERTIES

I Temperature OCProperty Units Condition

Cal 1(g Moc)

-- [

per*CxlO

!-,C
I 0 d .



FRANCEF
STAT IC PROPERTIES NCOT

(SHEET )Nickel Alloy
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AT ELEVATED TEMPERATURE N-C20KTA
(SHEET ) Nickel Alloy

o a. ...

12 0

-Cv

ob
L.WO -:0-- -- -- --



SPROPERTIES UNDER LOAD A & I
AND ELEVATED TEMPERATURE N-C20KTA

( {SHEET I ) Nickel Alloy A

Units: hrs., 0C., kg./mm. Data Basis: C

CREEP DATA

Form Bars and Forgings.

Condition Hypertrempd, revenu.

• 'Deformation Prcent R (100 at 200C)
I•I •.,Per Gent

025
750 0.2 38 L

02 27 16
S800------------------------------

0-2 16 8
850

'- 0.2 9 3-5 --I - --
900

•.0 2

0.2

1050 
02i _____ - .. I L



SPROPERTIES UNDER LOAD FRANCE

AND ELEVATED TEMPERATURE N-C2OKTAI • SHEET 2 ) Nickel Alloy

Units: hrs., C., kg/mm. Data Basis: C
MINIMUM CREEP RATE

Form

Condition

Creep Rate

TIME TO TENSILE FAILURE

Form Bars, Forgings. All Forms

Co nd i ti ofn Hypertremp4, revenu. Hypertremo, revenu.

_____ Jr

- Per Cent R (100 at 20°C) Stress (kg .Ammt"

750 42 30

So80o3 21 2

850 21 13

* * ~900 135 9

950 8 3-5 8

1000 44 1.6

1050 2"1

(I) N.B Oota SoiI:A, Spedicatlon AIR 9170. (2) At 815"C



U ig I FRANCE
GENERAL PROPERTIES T-A4M

TItonlum Alloy

CHEMICAL COMPOSITION (per cent)

Form C Si Mn Al Fe Ti

All 0o08 0.04 3.5 3.5 0.15 Remainder
Forms Max Max. 50 5.0 Max.

PHYSICAL PROPERTIES

Temperature oC
Property Units Condition m

Cal
S~"./, M.Oc)

"e C0

per 0CxlO -6



EFRANC E
STATIC PROPERTIES T-A4M

(SHEET ) Titanium Alloy

I) 0

0•

4-

0 -

U9.

E

o o cr

NI --

x- -- - - - - - - - -
• 1-

o 0-

c .w C r.L dwc 0I

0 
0

00 400.

saCouooou



El I FATIGUE PROPERTIES T-A4M

Titonium Alloy
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SHORT TIME PROPERTIES FRANCE
AT ELEVATED TEMPERATURE T-A4M

(SHEET Titanium Alloy
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IPROPERTIES UNDER LOAD FRANCE
AND ELEVATED TEMPERATURE T-A4M

(SHEET I) Titanium Alloy

Units: hrs., kg./mm 2, C. Data Bisis: C

CREEP DATA

Form Bars, Forgings, Sheet.

Condition Recuit

DOtormutlon Per cent R (94-6 at 2000)

. .. . . _J _i _- ltil Ii ,ll EL It'll, liii " "--" -"

400 0-24

------------------------------------------------------------ ---- '--"-- -"-'

0-2 1 19 111
450 02 16* *

500 0.2 6-4 3--

0-2 1-6

55 7--------------l•

5502

600 0-2_ _

IF]
zI0 , FRANCEI

i-1 N ELVTEMEATR lIL 4M
.0SETI itnu lo



PROPERTIES UNDER LOAD T-A4ME
AND ELEVATED TEMPERATURE Alo

(SHEET 2) Ttnu lo

SUnits: hrs., _C., kg./mm2  Data Basis:C
j MINIMUM CREEP RATE

Form

Con dition

Creep Rate ~_ _ LI.~

I 0

450* .51

-=•=o)U )|Ji~ki |(J ,, • J ilil ,,' -j- -r- - --= ---'

50 32 I*i 1

m. ANTIMEVATO TENSL FEAILURE

_00I 342

•m ~ ~ ~ ~ ~ 0 1nt"hr. 32.1g/m.?aa ai:
-im•~- MINMU - RE - R-T-

2 55 For]6
_ _ __iio I



FRANCE
GENERAL PROPERTIES T-A6V

Titanium Alloy

CHEMICAL COMPOSITION (per cent)

Form C V AL Fe Tn

All 0.06 3.5 5.5 0.25 Rwaind
Forms max,,. -is -o max.

PHYSICAL PROPERTIES

Property Units Condition Temperature OC

gr>/C M3

-- Cal./(g m OC)

per°CxlO

T

___.___-____I_-_

0z
Jill !0



E l II iAra 1 %I tf f tq FRANCE
OR uIvN vnv5r-&"I I & T-6

(SHEET )Titanium Alloy
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Z 0 Z

0o

06

CXC

s 0'u 4 0 .



FRANCE , • !

FATIGUE PROPERTIES T-ANCE
Titanium Alloy

tot

E

S1. 0 001 E

901

*0 1~ 0 1  - 1- 0 .

a z
7I - -7 7

S 4- o Q 0 0 0 0 0

oo

E 0JE E 0

4--

.x Z6
<- 0 40

.... _l_ aouloo- 4I
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AT ELEVATED TEMPERATURE T-A6V

( SHE ET ) Ttanium Alloy
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U, IPROPERTIES UNDER LOAD U
AND ELEVATED TEMPERATURE T-A6V

(SHEET Titanium Alloy

Units: hrs., C., kg.Anm. Data Basis: C

CREEP DATA

Form Bars, Forgings and Sheet.

I I Condition Recult

--•__ 
oJL i

D4 eaformatlon Per Cent R (103 5 at 20C)
Per Cent

350 0.2 63 61 59

400 0.2 58 52 47

450 0"2 47 37 29

--

•:4
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Volume III
Magnesium
Nickel and
Titanium Alloys

GERMAN SECTION

INTRODUCTORY NOTES

The Introduction to Volume III of this Handbook explains the general layout adopted
for the presentation of the data, together with details of the properties considered
and the explanation of various terms. The purpose of the following notes is to amplify
these points, where necessary, in relation to those German alloys which included.

MAGNESIUM ALLOY SPECIFICATION AND DESIGNATION

In Germany, for the wrought magnesium alloys, the specification and desigmtion
given to a material consist of the letter W followed by a Group of four figures, e.g.
W3504.

For the cast magnesium alloys the specification and designation given to a material
consists of a group of five figures. e.g. 3.5194. The first figure '31 indicates that
the material is a light alloy. The group of four figures, separated from the first
figure by a dot, is the designation of each particular alloy. For materials for
aeronautical use, the last figure of the five figure designation is always 4'.

MIATERIALS COVERED

MAGNESIUM KILOYS

This Section of the Handbook lists the available established data on four wrought
magnesium alloys and six cast magnesium alloys. These magnesium alloys are the ten
most widely used structurally in aircraft.

The designations of the magnesium alloys covered, together with the forms in which
they are produced are listed below:

W3501 - Sheet; tubes; extruded shapes Gas weldable corrosion resistant
magnesium alloy with very good
machining and good hot-forming
characteristics.

W3504 - Sheet Argonarc weldable magnesium alloy
with very good machining and good
hot- forming characteristics.

W3510 - Tubes; extruded shapes Hot-formable magnesium alloy with
very good machining characteristics.

13515 - Drawn and extruded rods; die Magnesium alloy with very goodforgings machining characteristics.

-- ---- Q - -"



3.5104 - Sand castings Casting magnesium alloy specially
suitable for compact castings e.g.

undercarriage struts. For tempera-
tures up to 1000 C. Not weldable.

3.5114 - Sand castings High strength magnesium casting
alloy suitable for bulky structural
parts and hydraulic pressure vessels.
Argonarc weldable.

3.5194- Sand castings; permanent High Strength magnesium casting
mould castings; pressure alloy for temperatures up to 100 0 C.
die castings Argonarc weldable.

3.6104 - Sand castings Magnesium casting alloy suitable for
bulky i.tructural parts and pressure
vessels at temperatures up to 150 0 C.
Argonarc weldable.

3.6204 - Sand castings Creep-resistant Mg. alloy suitable
for gas turbine housings and struc-
tural parts where strength at temper-
atures up to 2500 C is required.
Argonarc weldable.

3.6254 - Sand castings Creep-resistant Mg. alloy suitable
for gas turbine housing and parts
where high strength at temperatures
in the region of 250-3200 C is requi-
red. Argonarc weldable.

NICKEL AND TITANIOM

A range of nickel and titanium alloys is produced in Germany for use in aircraft
construction and charts giving the properties of these materials will be issued when
the necessary data are available. The following nickel and titanium alloys used in
German aircraft construction are similar to the U.K. and U.S. alloys shown. The user
is referred to the data presented in the U.K. and U.S. Sections.

1 ~Ge rman
Designation Form Similar to: Specification

Nickel Alloy 2.4630 Sheet; strip; bars; D.T.D. 703B (U.K.) D.T.D. 703B
_tubing

Titan um Alloy 3.7164 Bars; forgings; 6A1-4V (U.S.) Mil-T-9047 Cl. 5
shapes

Mag-Ni-Ti-Al-D -2-
r I



Eil+

CHEMICAL COMPOSITION

The General Properties charts give the chemical composition by quoting the limits
of the alloying elements as a percentage by weight of the total.

It should be noted that for the alloys containing zirconium the limits quoted are
for 'available' zirconium. i.e. that quantity of zirconium which Is soluble in dilute
hydrochloric acid.

CONDITION

The 'Condition' row on the charts refers to the type of heat treatment and condition.
The designation used with German magnesium alloys is a numerical system. The number
follows the alloy specification number and is separated fromit by a dot, e.g. 3.5194.8.
The numbers designating the condition have the following meanings:

WROUGHT MAGNESIUM ALLOYS

0 - as fabricated

I - soft (0)

2 - half hard

3 - hard

4 - solution heat treatment followed by natural ageing at room
temperature to a substantially stable condition (T4)

5 - solution heat treatment followed by strain hardening (T3)

6 - solution heat treatment followed by stretch relieving

7 - solution heat treatment followed by artificial ageing (T6)

8 - hard drawn

9 - special treatment

For reference purposes the equivalent U.S. designation is included in brackets.

CAST MAGNESIUM ALLOYS

The condition dAesignations for casting alloys have recently been revised but the
new system is so far only in use for the alloys 3.5104 and 3.5114. The following
table gives the meanings of the condition number for the two systema.

A!ag-Ni -Ti -A 1-D - 3-
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Condition For alloys 3. 5104 and 3. 5114 For Alloys 3.5194,3.6104.
Number 3. 6204 and 3. 6254

0 As cast

1 Soft
Sand castings

2

3_

4 Naturally aged, or quenched or homogenized

5 Permanent mould castings

6 Artificially aged

7

8 Stress relieved Pressure die castings

9 Special treatment, e.g. Stabilized

NOTATION

The notation used in this Section of the Handbook for the various physical and
mechanical properties of the German alloys is defined on the Notation chart in the
Introduction to Volume III. This chart also compares the notations used for the other
National Sections. Points where any amplification is needed are dealt with under the
appropriate headings below.

UNITS

The units used for the various parameters and properties are indicated on each of
the charts. For mechanical properties the stresses and the moduli are given in kg./mm2..
whilst temperatures are quoted in degrees centigrade. For conversion to other units
see the Conversion Scales chart given in the Introduction to Volume III.

DATA BASIS

The symbols 'A' and 'C' denoting the data basis of the values for the various pro-
perties given on the charts of the German Section are explained below:

A - This indicates that the values listed are the minimum to be expected for the
given material.

C - This indicates the values listed are typical for the material, there being in-
sufficient data to determine values for basis A.

No data to basis B are available for the German alloys.

htag-Ni-Ti-AZ-D -4-
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In general the data basis used on any chart is shown at the top of the chart, but
special attention must be paid to the footnotes which sometimes indicate a different
basis for some particuiar part of the chart.

TENSILE STRENGTH

The tensile properties are obtained from test pieces selected and prepared in
accordance with DIN50125 for material in bar form and with DIN 50114 for material in
sheet form. DIN specifications are issued by Deutscher Normenausschuss (DNA), Berlin
W15, and may be obtained from:

Beuth-Vertrieb,
K61n, Friesenplatz 16.

The sub-headings V. IX and S'r used on the Static Properties charts refer tothe longitudinal, long transverse and short transverse directions respectively.

ELONGATION

The values of elongation given on the charts are quoted as the percentage elongation,
at fracture, of the gauge length. For circular specimens, the gauge length is 5 do.
where do is the diameter of the test piece measured in the gauge length. For rectan-
gular specimens the gauge length is 5.85Y-F, where F is the cross-sectional area of
the test piece measured in the gauge length.

Details of the test pieces and method of test are described in DIN 50125.

The elongation values are measured in the longitudinal direction unless otherwise
stated in the footnotes.

CASTINGS

The Static Properties charts give data on castings for three types of test. These
are distinguished by the letters Wa' Vb' and 'c' in the row designatel 'type of Test'.
The significance of these letters is indicated below.

TYPE OF TEST

W' - This indicates that the values given are for tests on separately cast test
specimens.

V - This indicates that the values given are the minimum properties obtained for
specimens cut frca production castings in areas specified by the designer.

c - This indicates that the values given are the average values of at least 4
specimens cut from the same casting, at thin, medium and thick sections. in areas
specified by the designer.

The properties of separately cast test specimens are not normally used for design
purposes, being used mainly in foundry control. However they are of interest for the

Mag-Ni-Ti-Al-D - 5-I
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comparison of the properties of alloys, particularly between those of countries which
have different methods of arriving at design values for specimens cut from castings.

It should be noted that there is often a considerable variation in mechanical
properties between different areas of a casting. The properties given under 'Type of
Test: b and c' are for locations specified by the designer, where particular care is

taken that the feeding, rate of cooling, etc.. is favourable to good properties. In
other areas, over which no special precautions have been taken, the properties may not
reach these values.

The separately sand cast test specimens are made and tested to the British Standard
specification B.S. 2L. 101. Copies of this may be obtained from:

British Standards Institution
2, Park Street,

London, W. 1.
-England.

The permanent mould separately cast test specimens are made and tested to the
specification LN 29531. Copies may be obtained from:

Beuth-Vertrieb,
Koln,

Friesenplatz 16,

Germany.

For specimens cut from castings the specification used is either DIN 50125, obtain-
able from the above address or the French specification NF - A03 - 101, which may be

obtained from:

I'Association Frangais de Normalisation (AFNOR),
23, Rue Notre Dame,

Victoires, Paris, 2 e.

FATIGUE PROPERTIES

The data given on the Fatigue Properties chart are based on tests made in rotating

bending. A brief description of the specimens is given on the charts, and a descrip-
tion of the method of testing is given in DIN 50113.

The 'Nominal Maximum Stress' quoted on the charts is the stress calculated by divi-
ding the bending moment by the section modulus. In the case of notched test bars,
the section modulus is based on the core or minimum cross-section.

ELEVATED TEMPERATURE DATA

On these charts the data are presented as percentages of the appropriate values at
room temperature..

Room temperature is taken to be 20 0 C except where otherwise stated, and the value
in kg./mm2 ., at this temperature, on which the percentages were based,is quoted in

brackets at the top of each column.

bfag-Ni-Ti-Al-D - 6



For the short time tensile tests at elevated temperatures the test pieces and
methods of teat are specified in DIN 50112.

For the Properties under Load and Elevated Temperature charts, the data are obtained
from test pieces in accordsace with the specifications DIN 50118 and DIN 50119.

June 1961
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GERMANY
GENERAL PROPERTIES W 3501

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Cu Mn Si Zn Fe Al Others Mg

All 005 1.2 0.10 0-03 0.005 0.05 0.1

Forms max. 270 max. max. max. max. max. Remaindw

,i ~(-

PHYSICAL PROPERTIES

• ~Temperature "C

Proper ty Units Condition 20 100 200 300
S20 100 200 300

m//cm3 0,1 1,8

cal. O~

a C rnmA 0,1 0.25

X.coLcm/cm"ec 0.34

a per41CXIO O 0, 26-1 26-9 27-7m(
mI,

iCs

m6

(I) Value between 201C and temperature Indicated

i -- JiI
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GERMANY
STATIC PROPERTIES W3501

(SHEET Magnesium Alloy
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STATI C PROPERTIES W3501
(SHEET 2 Magnesium Alloy
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SSHOnRT TiME PROPERTIES GERMANY

1 iAT ELEVATED TEMPERATURE W3501
Magnouum Ahoy
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GERMANY
K I GENERAL PROPERTIES W 35504

5 Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Cu Mn Si Zn AL Others Mg

"Sheet 0.05 0.05 0.20 0.5 2.5 0.1
-Sheet - -i - Rema.... __________ i nemax. 0.40 max. 1-5 3,5 max.

)i

PHYSICAL PROPERTIES

Property Units Condition 2 Temperture C
20 iO0 1 200 300

r m/ms 1,3 e

C Cal '/(gm171C) 1,3 0 25

X callcm./(cm!se. *J 0-25

X Per 0CXIO I6 1,3 26-1 27-1 27-9

6 ,

(1) Between 206C and temnperature Indicated

mI



E,, ,,. GERMANY- . ,, r, , W3504
(SHEET )Mogftslu Ay

0-
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0 ! 0 - -

AVI 0
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Ain -0 0 NA 0

E- 0 0 .
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GERMANY
GENERAL PROPERTIES W ASIii l i Magnesium Afl°y n

CHEMICAL COMPOSITION (per cent)

Form Cu Mn SI Zn Al, Others Mg

Tubing and 0]1 0.05 0.2 0.5 5.5 0.1
extrusions max. 0.4 max. I 5 675 max. Remainder

PHYSICAL PROPERTIES

Property Units Condition Temperature OC
20 100 200 300 400

' o'/cm.o 0 1.e

C Cal ojg * 0-24

X•) o.m.0195

_ pOCxlO" 0 26-0 27.3 28-0

(I) Between 200C and temperature indicated



STATI f-GERMANY
STATIC~~ P~P~~ 3510

RI I(SHEET I Moonesium Alloy
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SHORT TIME PROPERTIES GERMANY
AT ELEVATED TEMPERATURE W3510

Magnesium Alloy
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GERMANY
GENERAL PROPERTI ES W3515

Mognesium Alloy

CHEMICAL COMPOSITION (per cent)

V Form Cu Mn Si Zn Al Others Mg

All 0.1 0.05 0.2 0.5 6.5 01 /
Forms max. 0.40 max. 2.0 8.0I max.

PHYSICAL PROPERTIES

Property f Units Condition I Temperature OC ___

___ ___ ___ ___ ___ ___ ___ ___ ___ 20 100 200 300 _ _

~¶/rn3 0,7 1*

c~ aI IOL/(g MOc) -0,7 0 *9~ 24

Xcai.cm cr.fi sec. -C) o.

CI) -

a per'CXIO- 0,7 26-3 27-1 27-6

(I) Values between 20*C and temperature Indicated

Im



STATI C ROPETIESGERMANYSTATIC~~~ PPRTEW3515
(SHEET )Mogneium Alloy
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SHORT TIME PROPERTIES GERMANY
*AT ELEVATED TEMPERATURE W3515

Magnesium Alloy
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GERMANY
GENERAL PROPERTIES 3-5104

Mognuium Alllo

CHEMICAL COMPOSITION (per cent)

iI_ - - - - - - - - - - - - - _ _ _ -

jForm Zn Mn Si Fe INi Cr Zr Cl, Mg

i - - --- -____......___ __

Cotn 3 *6 0-15 0-01 0-01 0-006 0-03 0-4 0O0*Rmide
a_5 Max. Max. Max. Max. max. _70 Max.

PHYSICAL PROPERTIES

Property Units Condition 0 Temperature eC
20__ 100 200

gIT/cma 8

. C o I .g0 M.0C) 0.23

* x caI.ai/(c seec. 0-27

a per-CxIi 2T73

L;

(1) Between 20TC and temperature Indicated.



GERMANYSTATIC PROPERTIES GERMANY
3-5104

(SHEET ) Magnesium Alloy
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GENERAL PROPERTIES 3.51i4
M:agium Alloy

CHEMICAL COMPOSITION (per cent)

Form Zn Mn Sl Fe Ni Cr Zr Th C1 Mg

Casting 48 0.15 0-01 0.01 0-003 0.03 0.4 1.5 0.01 Remainder
63 max. max. max. max. max. 1.0 2.0 max.

PHYSICAL PROPERTIES

Prpet Temperature °C

Property Units Condition 20 1oo 200

y, m'/m I'87

c oI /(g m°C) 0o23

I Sec., ,. /0.'c) o0.27

a per CxIO 27.1

() Between 200c ond temperature indicoled.
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STATIC PROPERTIES 3.5114gi Io

S{ ~SHEET )Magnesium Alloy !+
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UG E GRM ANNY
QGNFRAL PROPERTIES 3'5194Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form AL Zn Mn SI Cu Others Mg

Csig8-3 0-3 o0- 5 0-3 0-2 0.2
10---0 1.0 0-3 max. max. max.

PHYSICAL PROPERTIES

Property Units Condition Temperature C
,___ 20 100 200 300

Ii 2,6,8 18

C C gm. 0o24

IALCMI~cm' sc.•m• 2 , 6 , 8 o-i"

0 -4

hii

(I) Between 20*C and temperature Indicated
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A- i Mi GERMANY

STATIC PROPERTIES 3"5194
(SHEET Magnesium Alloy
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EAIU IRPR~E GERMANY EMI
FATIU~ ~iutjii~~3-5194

Magnesium Alloy
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* SHORT TIME PROPERTIES GERMANY

AT ELEVATED TEMPERATURE 3"5194
Magnesium Alloy
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GERMANYGEN ERAL PROPERTI ES 3' 610 4Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Zn Mn SI Fe Ni Cu Zr Rare C1, Mg I. Earths

13. 05 0.15 0"01 0'01 0.005 003 0.4 0.75 0.01Casting -- - Remciln~r
5.0a Max. Max. Max. max. Max. I-0 1.75 mox.

PHYSICAL PROPERTIES

Property Units Condition I Temo rature _00

____ ___ _ __ ___ ___20 100 200_ 300_ __ _

C Cal rnm 0c 0"23

caLcm/c.,! .cC, 0.27

a per"CxlO" I 26-0 27.0 27.8

( e

(S• Botween 20°C and temperature Indicated



STATC PfOPERIESGERMANY
STAT C POPERIES3-6104

(SHEET )Magnesium AIloy
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FATIGUE PROPERTIES 3"6104'

Magnesium Alloy
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SHORT TIME PROPERTIES GERMANY
AT ELEVATED TEMPERATURE 3"6104

Magnesium Alloyj
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GERMANY
GENERAL PROPERTIES 3.6204

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Zn Mn SI Fe NI Cu Zr Rare Mg

Costing 0.8 0.15 0.01 0.01 0-005 0.03 0.4 2.5 Remainder
3.0 max. max. max. max. max. 1.0 4 0

, )
PHYSICAL PROPERTIES

Temperature OC ,
Property Units Condition 20 Temperture 020 100 200 300

rgm'//cm. I.8

C cal.ftg m.0c) 0-25

X aLCn1$cm. secv 0-24

a ~per CxiO I2

(I) Betwe en 200C and temperature Indicated



STAT IC PROPERTIES GERMANY
3-6204

(SHEET )Magnesium Alloy
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* GERMANY
FATIGUE PROPERTIES 3-6204

Magnesium Alloy
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SHORT TIME PROPERTIES GERMANY
AT ELEVATED TEMPERATURE 3.6204

(SHEET ) Magnesium Alloy
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U ~~PROPERTIES UNDER LOAD EMN

AND ELEVATED TEMPERATURE320
(SHEET )Magnesium Alloy

Units: hrs, *C Data Basis: A

CREEP DATA

Form Separately Sand Cost Test Specimens

Condition

-* 10 3102501300500'80' tLW-
Tot al(I

T *Strain Per Cent T. ((Y - 14Kg/mm* at room temperature)
Per Cent

0.5 40 111261 125
200 0.10 51 4 3 3

0.20 46 38

0.05 23 16

0.10 23 17 15

25 0.20 23 21 Is 14 13

0-50 23 21 19

075 1ND23 ED21 T 20

1-00 23 21 21

CodiioI

(I) Data Basis A

I prtanot PrC n - o~ 4 g m=a omtmeaue
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GENERAL PROPERTIES 3"6254 j
Magnesium Alloy ,

CHEMICAL COMPOSITION (per cent)

Form Zn Mn Si Fe Ni Cu Cl Zr Th Mg

Costig 1.7 0.15 0.01 0-01 -005 0.03 0.01 0-4 2.7

2-7 max. max. max. max. max. max. 1-0 3-3 emain

PHYSICAL PROPERTIES

Property Units Condition Temperature 0C

___ __ __ _ ___ __20__ 100 200 300

y grnL/0 3 i ise

"C CaI/(g M.C) I 0-23

X cacm./(cm. secl o. 0-25

a per'CxIO" 26-0 27-0 27-8

( Between 200C and te peatr Indic-t
111 Between 20¢C and temperature Indicated
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SHORT TIME PROPERTIES GERMANY
AT ELEVATED TEMPERATURE 3"6254

(SHEET ) Mogsium Aloy
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PROPERTIES UNDER LOAD GERMANY
AND ELEVATED TEMPERATURE GERMAN4

(SHEET 1 Magnesium Alloy !

Units: hrs, C Data Basis: A

CREEP DATA *

Form Separately Sand Cast Test Specimens

Condition I

__t_-- _ I 2 3 8 10 30 55 i00

1 Total I)
T Strain Per Cent 0e (a 19Kg/mm at room temperature)Per Cent"-

- 0.05 121 - 1 [ 7

o-1 221 14

300 02 25 Is

0-5 29 24 18

0-75 28 26 19

1"0 1 29 27 20

•0.05 II 9.518.41 5.8

0.1 1 7 12 8.4I

3507 15 8.4 158 I350 "

0-5 17 II 7.4 i

0.75 - L 4 1½ 7.9
10 I15 13 9.0

__ _ _ __I I• - -

_______ --1-i--1L

1)Data Soo~lt A %
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Volme HI II

Magnesium,
Nickel &
Titanium Al loys

ITALIAN SECTION

A range of magnesium alloys is produced in Italy for use in aircraft construction.

For the most part these alloys are ordered to United Kingdom or United States specifi-

cetions, and the Italian alloys are, for practical purposes, identical with the equiva-
lent United Kingdom or U.S. alloys.

For this reason it is not proposed in this Handbook to present separate charts

giving the properties of the Italian alloys, but instead the user is referred to the
data presented in the United Kingdom and United States sections.

The table below gives the designations of the Italian magnesium alloys used struc-

turally in aircraft and the corresponding United Kingdom or United States designation.

AZ 31 B U.S. specification Wrought Alloy
AZ 80 A U.S. specification Wrought Alloy
ZK 60 A U.S. specification Wrought Alloy
El A 9 to U.K. specification 2L. 121 Casting Alloy
El A 9V to U.K. specification 2L. 122 Casting Alloy
Z5Z to U.K. specification L.127 Casting Alloy

NICKEL AND TITANIUM

No nickel or titanium alloys are produced in Italy for aeronautical applications.

--1 -1-
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Volume III
Magnesium,
Nickel &
Ti tanium Alloys

NETHERLANDS SECTION

In the Netherlands a number of magnesium alloys is produced for use in aircraft
construction. These are ell casting alloys. They are produced in close agreement
with United States or United Kingdom Specifications.

As typical examles, the following designations can be mentioned.

UNITED KINGDOM DESIGNATIONS

2L. 121, L. 122
L. 127, DTD 711A
L. 128, DTD 748

UNITED STATES DESIGNATIONS

AZ 63 A
a. 91 C
AZ 92 A

Reference should be made to the appropriate charts in the United Kingdom and United
States sections for the properties of these alloys.

-1



Vo lume III
Magnesium
Nickel and
Tttaniwn Alloys

UNITED KINGDOM SECTION

CONTENTS

1. Introductory Notes
2. Charts as given in the table below.

Magnestum Alloy Title of Chart Issue Date

No.

D.T.D. 118A General Properties 1 Feb.1962
D.T.D. 142A Static Properties, Sheet 1 1

Static Properties, Sheet 2 1

D.T.D. 259A General Properties 1
Static Properties 1 Aug. 1962

D.T.D. 742 General Properties I Feb. 1968
Static Properties I

D. T.D. 622A General Properties 1
D.T.D. 626A Static Properties, Sheet 1 1

Static Properties, Sheet 2 1

2L. 121 General Properties 2 Jan.1963
2L. 122 Static Properties I Aug.1962

Fatigue Properties 1 Feb.1963
Short Time Properties at Elevated Temperature 1

L. 127 General Properties 2 Jan.1963,(
D.T.D. 711A Static Properties 2 a

Fatigue Properties 1 Feb. 963
Short Titne Properties at Elevated Temperature 1

L. 128 General Properties 1
D.T.D. 748 Static Properties 1 Aug.1962

Nickel Alloy

D.T.D. 10B General Properties 1 Feb.1963
D.T.D. 192 Static Properties, Sheet 1 1
0D.T.D. 196 Static Properties, Sheet 2 2
D.T.D. 200A Short Time Properties at Elevated Temperature 1 Aug.1962 :

A jProperties under Load and Elevated Temperature I

" i
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Nickel Alloy Title of Chart Issue Date
No.

D.T.D. 703B General Properties 2 Jan.1963
Static Properties, Sheet 1 2 1
Static Properties, Sheet 2 1 Aug.1962
Fatigue Properties 1
Short Time Properties at Elevated Temperature 2 Jan. 1963
Properties under Load and Elevated Temperature 1 Feb. 1963

Titanium Alloy

D.T.D. 5003A General Properties 1 Feb.1962
D.T.D. 5013A Static Properties, Sheet 1 1
D.T.D. 5023A Static Properties, Sheet 2 1
D.T.D. 5033A Fatigue Properties 1 Feb.1963
D.T.D. 5063
D.T.D. 5073

D.T.D. 5053 General Properties 1
D.T.D. 5143 Static Properties 1

Short Time Properties at Elevated Temperature 1 Aug. 1962
Properties under Load and Elevated Temperature 1 Feb. 1963

D.T.D. 5083 General Properties 1

D.T.D. 5093 Static Properties. Sheet 1 1
Static Properties, Sheet 2 1
Short Time Properties at Elevated Temperature I
Properties under Load and Elevated Temperature

Sheet 1 1
Properties under Load and Elevated Temperature

Sheet 2 1
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UNITED KINGDOM SECTION

INTRODUCTORY NOTES

The Introduct ion to Volume IAII of this Handbook explains the general layout adopted
for the presentation of the data, together with detail0 u!~ the properties considered
and the explanation of various terms. The purpose of the following notes is to amplify
these points, where necessary, in relation to those United Kingdom alloys which are

" iincluded.

* DESIGNATIONS AND SPECIFICATIONS

In the United Kingdom, magnesium, nickel and titanium alloys for aircraft use are
supplied either to British Standard specifications (in which case the number is pre-
fixed by the letter IV'), or to D.T.D. specifications which are issued by the Director-
ate of Materials Research and Development of the Ministry of Aviation.

iD.T.D. specifications are issued either to meet a limited requirement not covered
by any existing British Standard Specification or to serve as a bazis .*Or inspection
of materials the properties and uses of which are not sufficiently developed to warrant
submission to the British Standards Institution foir standardisation. 'D.T.C.' specifi-
cations may later be replaced by British Standard Specifications.

Copies of British Standard Specification may be obtained from:

British Standards Institution,

2, Park Street,
London, W.l1.

'D.T.D.' specifications are published by Her Majesty's Staticnery Office and copies
may be obtained from:

H.M. Stationery Office,
York House.

Kingsway, London, W.C.2.

ALLOY3 COVERED

This Section of the Handbook lists the available established data on seven groups
of magnesium alloys, three groups of titanium alloyvs and two groups of nickel alloys.t Each group consists of alloys having basically the same chemical composition, and each
specification within a group refeis to a particular form and condition of the m~aterial.

i ---



These alloys are those most widely used structurally in aircraft, neglecting nickel
and titanium alloys used solely for castings or for rivets. A large proportion of
magnesium is used in the cast form and for this reason magnesium casting alloys have
been included.

The designations of the materials covered, together with the forms in which they are
produced are listed below:

MAGNESIUM ALLOYS

D.T.D. 118A - Sheet and strip
()D. T.D. 142A - Bar and extrusions

D.T.D. 259A -Bar and extrusions

D. T. D. 622A Bar and extrusions
( D. T.D. 626A Sh~eet and strip

D.T.D. 742 Sh~eet and strip

2L. 121 -Sad andchill castings
2L. 122J

L. 127

D.T.D 711 Sand and chill castings

NZCKEL ALLOYS

D.T.D. l0B - Sheet
D. T.D. 192 - Bar, stampings and forgings
D.T.D. 196 - Bar - suitable for cold bending
D.T.D. 200A - Bar

i:i

D.T.D. 703B - Sheet and strip
- Bar

TITANIUM ALLOYS

D.T.D. 5003A. 5013A - Bar and billet suitable for welding
D.T.O. 5063A 5033A - Sheet and strip suitable for welding
D.T.D. 5073 - Tubes - suitable for pipe tubes and high pressure

hydraulic systems where flaring is required

D.T.D. 5053 - Bar and billets
D.T.D. 5143 - Frrgings

D.T.D. 5083 - Bar and billets
D.T.D. 5093 - Sheet

Dag--T.-U.K. -2-
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Although there is no official specification for bar material of the composition of
D.T.O. 703B. the properties are given in this section as the material is widely used.

CHEMICAL COMPOSITION

The General Properties charts give the chemical composition by quoting the limits
of the alloying elements as a percentage by weight of the total. In the case of
magnesium alloys containing zirconium the percentage of 'available' zirconium is given,
i.e. that portion of the zirconium which is soluble in dilute hydrochloric acid.

CONDITION

The 'Condition' row on the charts refers to the type of heat treatment and condi-
tioning. Although there are no officially ricognised symbols to describe the various
conditions, for simplicity the following designations are used in this Section:

MAGNESIUM ALLOYS

M As manufactured, i.e. as rolled, extruded or cast. This may also include
annealing or stress relieving by the supplier

0 - Softened

%H - % Hard, cold rolled

P -Precipitation treated

W - Solution treated

NICKEL ALLOYS

A Annealed

C.D.A. Cold drawn and annealed or cold rolled and annealed

H.D. Hard drawn (rolled and tempered, or rolled, drawn and tempered)

H.R. Hot rolled or hot forged

TITANIUM ALLOYS

A - Annealed

H.T. - Heat treated

For details of the times and temperatures of heat treatments reference should be

made to the relevant material specification.

Mag-Ni-Tt-U.K. -3 -



NOTATION

The notation used in this Section of the Handbook for the various physical and
mechanical properties of the United Kingdom alloys is defined on the Notation chart in
the Introduction to Volume III. This chart also compares the notation used for other
National Sections. Points where any amplification is needed are dealt with under the
appropriate headings below.

UNITS

- The units used for the various parameters and properties are indicated on each of
the charts. For mechanical properties the stresses and moduli are given in units of

tIOs lb/in. 2 whilst temperature is quoted in degrees Centigrade. For conversion to
metric units see the Conversion Scales chart given in the Introduction to Volume III.

DAIA BASIS

The Introduction to Volume III of this Handbook describes the use of symbols 'A',
'B' and 'C' denoting the data basis of the values for the various properties given on

the charts. Special aspects of this in relation to the values quoted for the United
Kingdom alloys are outlined below:

A - This indicates that the values listed are the minimum to be expected for the
given material. The only values considered 'guaranteed minimum' are those for

ft and in most cases t, and e , which are marked as Data Basis 'A' and which
are quoted for the grain directions stated in the relevant specification. The
remaining values marked as data basis 'A' are 'derived' values; that is, tests
indicate that a material just meeting the specification requirements for ft ,
t, and e would have compressive, shear and bearing strength equal to the
values quoted. Both minimum and maximum values of ft are specified for
commercially pure titanium which isavailable in different grades to comply with
forming requirements.

B - This data basis is not used in the United Kingdom charts.

SC- This indicates that the values listed are typical for the material, there being
insufficient data to determine values for basis 'A' or 'B',

In general the data basis used on any chart is shown at the top of the chart but
special attention must be paid to the footnotes which sometimes indicate a different
data basis for some particular part of the chart.

STATIC PROPERTIES CHART

Tensile and Compressive Srengths

In the United Kingdom, official specifications generally quote the 0.1 per cent
proof stress in tension, t, and thus this value is given on the charts. It should
be noted that incther National Sections the 0.2 per cent proof stress (or offset yield
stress) in tension is given.

Mag-Ni-Ti-U.K. - 4 -



The sub-headings 'IL 'LT ard 'ST' used with the tensile and compressive
strengths on the Static Properties Charts refer to the longitudinal, long transverse
and short transverse directions respectively.

The tensile properties are obtained from test pieces selected in accordance with
the appropriate clauses of the relevant material specifications.

ST"RAIN RATE

The tensile strength of titanium is dependent to a marked extent on the strain rate.
The values of ft and tt given on the Static Properties charts apply to a strain
rate of 0.002 to 0.005 in./in./min. up to the 0.5 per cent proof stress, with stops
"for readings not longer than I second and a total stopped time not greater than 20
seconds. Beyond the 0.5 per cent proof stress the strain rate is between 0.15 and
0.3 in./in.Min. Fuller details of the testing procedure to achieve these strain rates
are given in Appendices to the relevant material specifications.

SHEAR STRENGTH

The torsional ultimate stress fq is defined as the stress corresponding to the
maximum torque that the member will sustain, irrespective of .hether failure is by
plastic shear, buckling of the wall, or a combination of both. The values given on
the charts were obtained from torsion tests on tubes and solid section bars, and were
determined on the assumption that the stress at any section was directly proportional
to the distance from the axis of the tube or bar. Where values of fq are given for
material informs other than tube, the tests were carried out on tubes or solid circular
bars machined from the form in question. The tests were made on specimens with a
length/diameter ratio of about 15 for tube materials and 8 for bar materials.

Values of f are given for a range of values of the ratio D/t , where D and t
are the externa diameter and the wall thickness respectively of the torsion member.
Values of D/t of 2, 5 and 10 have been taken for wrought alloys and 11 for cast alloys.

The parameter D/t is included on the appropriate Static Properties Charts in the
United Kingdom section by the alteration of the row used for 'Cross-sectional Area' in
the other National Sections.

BEARING STRENGTH

The symbol blo denotes the 1.0 per cent proof stress in bearing. The values are
derived from a series of tests of single bolt joints in plates and tubes, covering the
effects of clearances, lateral support (such as that given by bolt heads or adjacent
plates), curvature of the bearing surfaces and ratio of pin-diameter to plate thickness.
b1 o is defined as that stress which will produce a permanent deformation of the hole
equal to 1.0 per cent of its original diameter.

Mag-Ni-Ti-U.K.
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The dimensions of the test specimens are indicated in Figures 1 and 2.

__________-,
rest hole. dia. *d'--I

2"

L-
"1. 5"- Test piece

Hard steel side plates

Note:- d/t In tests on wrought alloys was between 3.3 and 1.5. For cast
magnesium alloys d/t was between 0.74 and 1.25 and the specimens
were 5" diameter flanges machines from flanged cylinders of 1.85"

Internal dia. with test holes reamed to size on a 3.4" concentric
circle, loaded diametrically

Fig. 1 Lug Type Tests for Sheet and Plate Materials

Hard steel pin, dia. "d"

/"-'",Test piece

Hard steel plug, push
fit an test piece

Note:- d/t in tests was approximately constant at 5.,

Fig.2 Plug Type Tests for Bar and Tube Materials

ELASTIC AND SEAR MODULI

The sub-headings 'L' and 'T' used with the elastic moduli on the Static Properties
charts refer to the longitudinal and transverse directions respectively. Throughout
the charts the values quoted for moduli should be regarded as typical, that is, data
basis 'C'. This has been emphasised where the data are from unofficial sources by a

footnote on the chart,

ELONGATION

The values of elongation given on the charts are quoted as the percentage elongation
after failure for specimens as defined in the appropriate clause of the material

specification. The specimens have a gauge length of four times the square root of the
cross-sectional area or in some instances 2 inches.

Meg-Nt-Ti-U.K. -6-



FORGINGS

The strength properties of forgings can vary markedly, but the values quoted give
an indication of the level of strength that might be expected in a simple forging. For
more complex forgings the strength may be less. Due consideration should also be given
to the effects of grain direction. For more precise strenqth values, tests should be
made on the complete forging.

STATIC PROPERTIES CHARTS: CAST MAGNESIUM ALLOYS

Strength properties of magnesium castings are given for two Types of Test as
explained below.

TYPE OF TEST: a

The strength properties of aeropiane casting materials are controlled by specifying
a minimum strength that must be attaincd Dy test bars oust from the same batch of
material and under the same conditionu as the actual castings. These test bars are
made and tested in accordance with British Standard 2L.101. The minimum strength
values for such test bars are quoted on the Static Properttes charts in the columns
headed 'Type of Test: a'. The data basis is 'A'. i.e. the minimum to be expected for
the given material.

TYPE OF TEST: c

In general the strength properties in various parts of castings and in different
castings differ from those of the standard test bars. To avoid excess weight incurred
"in allowing a sufficient margin of safety when designing by calculation based on
'Type of Test: a' strength values it is usual to base the acceptance of important

castings on strength tests made on the actual castings. The strength values given on
"the Stattc Properties charts under 'Type of Test: c' are used as a guide in designing
castings for approval by test. The 'Type of Test: c' values are estimates of the mean
strength of all material made to the given specification, and have been obtained from
cut-up tests on specimens taken from test castings of a standardised design, cast by
two or three founders. It should be noted that the geometries of the specimens used

to determine the static properties are not of the same form as those used for wrought
alloys. The values indicate the general level of strength that can be obtained in
castings of this type, but higher or lower mean strengths may occur in individual
batches and other designs of castings. The data basis is 'C'.

FATIGUE PROPERTIES

The data, given on the Fattgue Properties charts cover tests in rotating bending and
reversed flexural and repeated axial loading. A brief description of the various
specimens tested is given on the charts.

Rotating bending tests were in general carried out on a Wohler type machine. The
smooth specimens were round bars 0.30 -0.40 inches diameter. The values of the elastic
stress concentrations factor Kt for the notched specimens varied from 2.0 to 4.0

Mag-Ni-Tt-U.K. - 7



The reversed flexural tests were made on N.P.L./Bristol combined stress machines
with a stress ratio of -1.0 using standard hollow specimens both smooth and with 0.04

inch radius fillet,

In all cases the 'Nominal Meximum Stress' quotedonthe charts is the maximum stress
across the critical section of the specimen determined at the maximum load of the
fatigue cycle, without correction for stress concertration effects. The 'Stress Ratio'

quoted on the charts is the ratio of minimum to maximum stress during the fatigue
cycle with compressive stress being taken negative and tensile stress positive.

It should be noted that there is always a wide scatter of results with tests of
this type and the values given on the charts represent mean lines through the scatter
bands.

On the United Kingdom Fattgue Properttes charts, the column headed 'Form and
Condition' gives the appropriate specification number since this defines both the form
and the condition of the material. In other National Sections this column is headed
simply 'Condition'.

ELEVATED TEMPERATURE DATA

On these charts the data are presented as percentages of the appropriate room tem-
perature value. The appropriate room temperature value of the specimens tested is
indicated when known at the head of the column. It is not possible to give precise

details of the tist svecimcns used in determining the elevated temperature properties,
since the test method has not been standardised.

No data are available for the Recovered Properties after Exposure toElevated
Temperature but it is known that for the Nickel and Titanium alloys included the roo,
temperature properties are not greatly affected by exposure to temperature in the normal
working range.

On the Properttes under Load and Elevated Temperature charts, creep data are pres-
ented which give the sZress (expressed asapercentage of the room temperature value of

ft) which, for a given time and at a given temperature, will produce given values of
total deformation or failure. It should be noted that the 'total deformation' is the
total plastic strain and includes neither the initial (or elastic) strain not the
thermal expansion.

February 1963.

g-Ni-Tt-U.K. -8-i



U.K.
GENERAL PROPERTIES D.T D. 118A, 142A

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form j AL Zn Cu Si Fe Ni Ca Mn Mg

All o.05 0.03 O0O2 oo02 0.03 0.005 0.02 1.0
i Forms max. Max. max. max. max. Max. Max. 2-'0 Reminder

PHYSICAL PROPERTIES

m Temperature °C
Property Units Condition 1 Temperature C_________ -- ___ o I0oo12001300 1400

g m/m. 1 o74

ka -) 0"34

C9 PWrCxI0- 27

-0 4

( B
f (1) Between 20OC and temperoture indicated.



STATIC PROPERTIES D.TD.118A,142A

(SHEET I ) Magnesium Alloy
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a'STAT IC PROPERTIES U'D114 K42
(SHEET 2 )Magnesium Alloy
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j GENERAL PROPERTIES D.T.D. C 9A
j- "Magnesium Alloy

-II

CHEMICAL COMPOSITION (per cent)

Form AL Zn Mn Cu Si Fe Ni Mg

Bars and 5.5 1.5 0o20 0o1 0.1 0.03 0o005
- - RemainderExtrusions 8-5 Max. 0 40 Max. Max. Max. Max.

PHYSICAL PROPERTIES

• ~Temperature *C
Property Units Condition - Tp0 2 3I•20 100 200o1 300I 400

W cm.C 1-80I

C m Cl 0-24

k ca~cmcm~ ec.0.20

a peroC X 1O 27

/-L

/0

..

(1) Between 20*C. and temperature indicated.



STATIC PROPERTIES D.TD. 259A
(SHEET ) Magnesium Alloy
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U.K.

GENERAL PROPERTIES D.T.O. 74 2
Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Al Zn Mn Ca Si Cu Ni Fe Mg

Se 2.5 0.6 0.15 0.3 0.3 0.05 0005 0.005
Sheet 4 0-7 Max Max. Max. Max. Max.emainder

PHYSICAL PROPERTIES

Pro t UTemperature OC
Property Units Condition 20 100 200 300 400

9 n,//.cm , .77

Cal 0, ./( 0-24

k ca.cm/(cn 60c. 0• ) 0-23

a percxIO- 26

0 p E
)o 0

(1) B~etween 20*C and temperature indicated.



(SHEET ) Magnesium Alloy
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U.K.

GENERAL PROPERTIES D.TD.622A,626 AMagnesium 
Alloy

CHEMICAL COMPOSITION (per cent)

Form Zn Zr Mn Cu AL Si Fe Ni Mg

All 2-5 0o5 0o15 0.03 0.02 0o01 0.01 0.005
Forms 4".0 1-.0 Max. Max. Max. Max. Max. Max. Remainder

IL

PHYSICAL PROPERTIES

____ ___ _ _ ___ ____ __ ___ ___ 20 Temperature =C

P roperty U n its C ond ition T em p 200t300 40
20 100 200 300 400

gm/c.a ,.so

iw

(024
C M

k calcwt/( w 0"30

ai) per°cxl9"C 27

(I) Between 209C. and temperature indicated.
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STATIC PROPERTIES U.K.
D.TD.622A,626A

(SHEET I )Magnesium Alloy

InI

0 Wv

4-

Uf) LJ4

e. •

CP I

VI W

171

_ . ._

10 < u 0

CU
C- A 06

0* 0

- L t T u
- I -- I

0= U.

___ ou__oo___ :1 :1 ,~::



U, I
STATIC PROPERTIES U.K.

D.TD. 622A.626A
(SHEET 2 Magnesium Alloy
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U.K.
GE NERAtL r-rERT;iES 2L.i2i, .

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form At Zn Mn Cu Si Fe Ni Sn Total of Mg• l •,si,Fo an N1.
Catns7"5 0"3 0"15 0"15 0"3 0"05 0"01 0-1 0"40 iaander

_ 9.0 1C0 0a4 Max. Max. Max. Max. Max Max.

PHYSICAL PROPERTIES

S~Temperature oC
Property Units Condition T r 1

/_____ ______ 20 100 200 300 400

w gm Ms 1,.80

m c(3
2L.121 0o21 0.23

k Cal.om/ m! Sc. C
2L.122 0-17 021

2L.121 24.9 26.5 27-6I ., ,,a per6cxlO'e
! pr'ClO2L.122 25-3 26.7 27.9

I~ E

ý0

(1) Between 20"C and temperam ure indicated.
(2) Between 700C and 1800C
(3) Between 180C and 300C

•I
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STAT IC PROPERTIES L1i,2~2
(SHEET )Magnesium Alloy
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U.K
FATIGUE PROPERTIESU.

2L. 121. 2L.122
Magnesiu'm Alloy
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"SHORT TIME PROPERTIES U.K.
AT ELEVATED 'TEMrl ATRAIu 2L.,121, i -.L. I1..2 _

(SHEET ) Magnesium Alloy
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GENERAL PROPERTIES L127, TD. 711A
Magnesium All10y

CHEMICAL COMPOSITION (per cent)

I Form Zn Zr Mn Cu Si Fe Ni Mg

Catigs3-5 0-4 0-15 0-03 0-01 0-01 0-005Reanri•1Castings -._ o4 .5oo•oo ~•oo rRema;ir

5 .5 Max. Max. Max Max. Max.

PHYSICAL PROPERTIES

P eUC inTemperature °C
Property Units Condition 20 100 200 300 400

co gm.c. ,.3
wm/-Cm. 180

C coIt(g mC) 024

lk {,,.cmems,,ec,-C) L127 0322 0324 0324

m s 111-6

a per CXIO L 127 25.6 27.3 28.1

~~4E

(1) Between 2000 and temperature Indicated,
(2) Between 86 and 1990C
(3) Between 199and 31100



U.K.
STAT IC PROPERTIES 1 19'7 D.TD.711A

(SHEET )Magnesium Alloy
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FATIGUE PROPERTIES I JP7 nTr 1

Magnesium Alloy
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nvni iMr. rnOrPRn UI U.K.
AT ELEVATEO TEMPERATURE L.127, D.T.D.711A

Mogneflum Alloy
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GENERAL PROPERTIES L.2 .L.128.D.TD.748
Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Rare
Form Zn Ewh Zr Mn Cu Si Fe Ni Mg

iCasti3gs 3 0•75 o 4 0o15 0o03 0o01 0o01 0o005Catng -- ** or. eander
15.0 1"75 1.0 Max•. Max. Max. Max. Max.

PHYSICAL PROPERTIES

ri Condition Temperature OC __

Proert Unt 0 100 200 300 400

w QM.0 3

cCal /grn0 0-24

k cai.cm./(cft! Sec. c0) 0-28

a Peet SC AL XP 27

i6

t (1) BetTen 209C and temperature Indicated.
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STAT IC PROPERTIES L.128,D..T.D.748 j
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I,- U.K.
~NL~AL r~rL~i ' ~ D.TD.IO,9,9 1

31 IN-~. rm•• -= D'DlNickel Alloy-;

CHEMICAL COMPOSITION (per cent)

Form Mn Fe Ni Total CuImpurities

All 0.3 2.5 640 o.3
Forms 20 Max. 70.0 Max.

PHYSICAL PROPERTIES

Property Units Condition Temieroture OC
20 200 400 600 800

w 9 M/C A 8.83

Cal 0/(m°, A 0-127

k coi.cm-cm'•*ecc) A 0"062 0"065 0"074 0-084 0"094

a per'cxlO-" A 14.2 15.4

- aw at

11) aetween 20eC ond temperature indicated.



STATIC PROPERTIES D.T. D ,U.K.
S{ ~~~~~~SHEEFT ' lkIAIn
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SHORT TIME PROPERTIES U.K.
AT ELEVATED TEMPERATURE DT.D.IOB,192,196,200A

(SHEET ) Nickel Alloy
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PROPERTIES UNDER LOAD ,.
AND ELEVATED TEMPERATURE V.~a9I92 I .E lTI IOI9-162

(SMELT -1 1 -- w
Nickel Alloy

Units: hours, C Data Basis:C

CREEP DATA

Form Bars

Condition H. R. (D.T.D. 192) C.D. A. (D.T. D. 196)

t -- •0,o. [ o 1
Total Per Cent 1,(79 x lOlIb./n.2  Per Cent 1,(6 4 x IOlb./in

ST Deformation
Per cet at R.T) oa R.T.)

0"1 26 24

399I'0 40 35

S399---- I- -

0.1 20 19

4?1.0 29 29S~427

0.1 9-3

1.0 1I 19
482

0.1 4

I'0 II

538 

-.

0

--

t @_ _ _ _ _



Nickel Alloy

CHEMICAL COMPOSITION (per cent)

Form C Ti Cr Si Mn Cu Fe -p7us Co)

Sheetand 0"08 0"2 18.O 10 1'0 0"5 5.0
Strip - - - Remainder

__-I /_/_ O 15 0-6 21-0 Ma. MOe. Max. Malt.

PHYSICAL PROPERTIES

I Temperature OC

Property Units Condition 20 200 400 600 800

w rIA 8-36

iICI gmOC A 0.110

1 k ca°.4cm• ! e.'• A 0o038 0o046 0.054 0o062

* peCx1) A 13-0 13-8 14'7 15"5
cli2

S- Shot blasted

1 per cent and oxidised 86 92 100

:8 • at 1200 OC

(I)Bsetween 20*G and temperature indicated.



S"• ~U.K. i

STATIC PROPERTIES DTn 7i.R IX
(SHEET I ) Nickel Alloy
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I STATIC PROPERTIES UK.
i D.T.D. 703B

(SHEET 2 ) Nickel Alloy
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El- I U.K.
FATIGUE PROPERTIES D.TD. 7038

Nickel Alloy
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SHORT TIME PROPERTIES U.K.

AT ELEVATED TEMPERATURE D.T.D. 703B
(SHEET ) Nickel Alloy
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U I AND ELEVATED TEMPERATURE _)," 0 703B
(SHEET ) Nickel Alloy

Units: hours, 0C Data Basis: C

CREEP DATA

Form Bar

Condition A
; t 0 _ - o

N -•I• ,-

Total
T Deformotion Per Cent 1 ,

Per Cent (116 x 10 1b./in.)1

0.1 12.5 510-5 8-8 i7-7 6-3 1
0.5 16 14 12.5 ,10.5 8.7 J

600 _____ -j ~ '1

1-0 IS 17 14 i2.5110-5

650--- t

3.0 12. t9 .I? 753 5

0.1 5" .4 42 35' 34.1

0-5 7I79"42,5-0I46"
6500 - ---

1.0 125 71 690743,8

3.0 7I3 92 7.7

0-5 5"4 4-2 3"5 3"1 T ,

0"5 77 6-2 5"0 4"03700 I-----------

c30

I-0 855 " 1 6 10 4 -8

.. .0"1 3"7 3'1 2-7 2"5

0"5 5'2 4"2 3"7 3.3 "-7
,,,750 .i

________ - .o --- + I'
3-0 ji.I38

Im

=I
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U.K.

SGENERAL PROPERTI ES D.T D. 5003A, 5013A, 5023A
G EP P E5033A,5063, 5073

Titanium Alloy

CHEMICAL COMPOSITION (per cent)

Form C Fe H Ti

Bars a 0.10 0.20 0.013
Billets Ma. Max. x.Rmanr

Sheet, 0o0 0.20 0o015
Strip, Max. Mo.. Max Remainder

STubign . II

m)

PHYSICAL PROPERTIES

1 Temperature OC
Property Units Condition 20 00

-•--,20 100 200 300 400

w gm/, M 4.51

m• Ica.
(31C 0.123 0.130 0,139 0.143 0.145

cmA

Sk coicr.Acm•,' ee 0.040 o0o38 0036 0.o35 o0o36

aU) pe X 10 9"0 9.1 9-2 9"4

m-

• a

CL04

(i) Between 200C. and temperature indicated.



U. K.

STAT I C PRO PERT IES OLTD. 5003A, 5013A, 5023A
5033A, 5063, 5073

(SHEET I Titanium Alloy((ii
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U.K.
STATI C PROPERTIES D.TD. 5003A, 5013A, 5023A

(SEE 5033A, 5063, 5073
(SHEET 2 ) Titanium Alloy
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U.K.
SFATIGUE PROPERTIES D.T.D. 5003A, 5013A, 5023A
F EE5033A, 5063,5073

Titanium
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-m U.K.
GENERAL PROPERTIES DT.D5053,5143

Titanium Alloy
• IIII

CHEMICAL COMPOSITION (per cent)

Form Al Mn H Fe Ti

Bars a 3"0 3"0 0"013 0"20 Remainder

Billets5o 5-o0 Max Max

"Nm 3"0 3.0 0015 0"20 R d

5 0 50 MOL Max.

PHYSICAL PROPERTIES

Property Units Condition Temperature OC
:•--"20 I00 200 300 400

c Cal A/(gnOc) 0-129 0-134 0-141 0-148
*_ c - .co.,o.,o.,o,,

II

Sk €,.•,,•.,•0-o0or 0.020 0.024 0.025 0.027

per ,•ac 8,4 9-2 9.3 9.7

(mSI

II .

111 Between 20"G and temperature indicated.



STATI C PROPERTIES DTD.505305143
(SHEET )Titanium AlloyI IL•
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SHORT TIME PROPERTIES U.K.
AT ELEVATED TEMPERATURE DT.D.5053,5143

(SHEET ) Titanium Alloy
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Fft- ~ ~ ~ "ROPR le--" -EALA

AND ELEVATED TEMPERATURE U.K.0
(SEE D.T.D. 5053, 5143
(SHEET ) Titanium Alloy

Units: Hours,C Data Basis:C

CREEP DATA

Form Bar

Condition H.T.

S~Total
Deformation Per Cent ft(f,149,0001b/lna ot 22"C)

0"05 so 76 74 73 73

0.1 83 80 78 77 76

22 0.2 84 81 80 79 78

0"5 85 82 81 80 79

1.0 86 84 83

0-05 67 65 64 63 63

0.1 69 66 65 64 64

100 0.2 70 67 66 65 65

0.5 72 69 68 67 67

1.0 72 71 70 70

0-05 56 55 55 55 55

0.1 58 57 57 57 57

0.2 60 59 59 59 59

200 .
0"5 63 63 63 62 62

- e - - - - - - - - - - - - - -

7 _ __



U.K.
GENERAL PROPERTIES D.T.D. 5083, 5093

Titanium Alloy

CHEMICAL COMPOSITION (per cent)

Form Al Sn Fe H Ti

Shot 4.5 2"0 0"20 0.015,iSheet . . . .- - eans
5"5 3-0 max. max.

Bars 4.5 2.0 0.20 0.013

1_ 6il6% 55 3" 0 mo moax

PHYSICAL PROPERTIES

Property Units Condition jm20 0 r 2at 30 400

20 100m 40 300 40
g M/,.. 4.46

(1)

Cal Cg m *) 0113 0"122 0"132 0'139 0"147

mV

Sk j=cal,.o,,. 0.015 0o019 0o028 0o035 0.042

a per CxIO 7-8 6. 7 IO.3 109 10i3

S <

0 1 t

(1) At 509C



£ = K ISU.K. iS~ ~~~STATi C PROPERTies DD50,09D.T.D.5083,5093
(SHEET I )Titanium Alloy
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STATI C PROPERTIES D.D.5083,5093
(SHEET 2 ) Titonium Alloy
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* ;SHORT TIME PROPERTIES U.K.
AT ELEVATED TE•4PERATURE D.T.D.5083,5093

(SHEET ) T;tanlum Alloy
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PROPERTIES UNDER LOAD

AND ELEVATED TEMPERATURE D.TD. 5083,5093
S(SHEET I Titanium Alloy

Units: Hours,°C. Data Bosis:C

CREEP DATA

Form Bar

Condition H.T.

n TotalT • Deformation Pe' Cownt ( 4 134,O001b'/inat20-C

Per Cent

-01 68 66 63 62

0"5 71 69 67 66 I

0.I 51 50 49

I00 0-5 54 53 52 52

1.0 58 57 56 55 1
020 40 1 40 40 

-
40 1

200 0.5 45 145 45 145

1.0 50 50 50 50

0-1 38 38 38 38

300 0-5 41 41 41 41 4 4 zz
1.0 44 44 44 44

0.1 36 36 36 036

400 __0_5_38 38 3838 __

10 39139 3911* I I!
0-1 111 13 19

"500 Ti -_-o05 2 19 16



U 'PROPERTIFA UNDER LOMAIN U r
AND ELEVATED TEMPERATURE D.TD.5083,5093

(SHEET ?)Titanium Alloy

Units: Hours,0C. Data Basis:C

MINIMUM CREEP RATE

Form

Condition

Creep Rate i i'I

_ _ _ _ , ,

TIME TO TENSILE FAILURE

Fo rmI Bar

Condition H.T.

0 n 1 2 0,0

I-I

T Per Cent f (4 134,000 b/hfat 2OC)

20 991 [97 195 9 771
100 j8418EI 79 78 76 75 74 73 17P2

,- , ---- I -_
200 1691G81676564 6463 63 63 63 ,
300 T58 58 58 E58 57 57 5R 57 57

400 56 55 55 1,55151154 1i51 I4 L4
I50 0 53~~ 50 j4I 45 [40 33292
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UNITED STATES SECTION

CONTENTS

1. Introductory Notes
2. Charts as given in th table below

Til-o hatIssue
Magnesium Alloy Title of Chart No. Date

AZ31B General Properties I July 1981
Static Properties, Sheet 1 1

Static Properties, Sheet 2 2 April 1962
Fatigue Properties 1 July 1961
Short Time Properties at Elevated Temperature 1
Recovered Properties after Exposure to

Elevated Temperature 1 August 1962
Properties under Load and Elevated Temperature 1 a

AZ61A General Properties 1 August 1962
Static Properties 2
Fatigue Properties 1

AZ63A General Properties 1 July 1961
Static Properties 2 April 1962
Fatigue Properties 1 July 1961
Short Time Properties at Elevated Temperature 1

AZ8OA General Properties 1 July 1961
Static Properties 1
Fatigue Properties 1
Short Time Properties at Elevated Temperature 1

Recovered Properties after Exposure to
Elevated Temperature 1 August 1962

Properties under Load and Elevated Temperature
Sheet I 1

Properties under Load and Elevated Temperature
Sheet 2 1

AZ91C General Properties 1 July 1961
Static Properties 2 April 1962

Fatigue Properties 1 July 1961
Short Time Properties at Elevated Temperature 1

Cont ....



CONTENTS Cont inued

IssueMagnesium Alloy Title of Chart No.e

AZ92A General Properties 1 July 1961
Static Properties 2 April 1962

2Fatigue Properties 1 July 1961
Short Time Properties at Elevated Temperature 1
Recovered Properties after Exposure to

Elevated Temperature I August 1962

HK31A General Properties 1 July 1961
Static Properties. Sheet 1 2 April 1962

Static Properties. Sheet 2 2 I
Fatigue Properties 1 July 1961
Short Time Properties at Elevated Temperature 1 August 1962
Recovered Properties after Exposure at

Elevated Temperature 1
Properties wnder Load and Elevated Temperature 1

MlA General Properties 1 July 1961
Static Properties. Sheet 1 1 August 1962

ii

Static Properties, Sheet 2 2

isif

Fatigue Properties 1

ZK60A General Properties 1 July 1961

Static Properties 1
Fatigue Properties 1

AM100A General Properties 1 July 1961

Static Properties 2 April 1962

Nickel Alloy

Inconel X General Properties 1 July 1961
Static Properties. Sheet 1 1 August 1962

itf

Static Properties, Sheet 2 1
Short Time Properties at Elevated Temperature 1
Properties under Load mnd Elevated Temperature.

Sheet I
Properties under Load and Elevated Temperature.

Sheet 2 1

Titanium Alloy I

Commercially General Properties 1 July 1961
pure Static Properties, Sheet 1 1 August 1962

titanium Static Properties, Sheet 2 1 I

Short Time Properties at Elevated Temperature 1
Properties under Load and Elevated Temperature 1

Cont....



CONTENTS Continued 4

Issue
Titanium Alloy Title of Chart No. Date

8Mn General Properties 1 July 1961
Static Properties 1 August 1962
Fatigue Properties 1 I
Short Time Properties at Elevated Temperature 1

4A1-4An General Properties 1 July 1961
Static Properties 2 August 1962
Fatigue Properties 1
Short Time Properties at Elevated Temperature 1
Properties under Load and Elevated Temperature 1

6A1-4V General Properties 1 July 1961Static Properties. Sheet 1 1

Static Properties. Sheet 2 1
Short Time Properties at Elevated Temperature 1 August 1962
Recovered Properties after Exposure at

Elevated Temperature 1

August 1962
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UNITED STATES SECTION

"INTRODUCTORY NOTES

The Introduction to Volume III of this handbook explains the general layout adopted
-C) for the presentation of the data, together with details of the properties considered

and the explanation of various terms. The purpose of the following notes is to amplify
these points, where necessary, in relation to those United States materials which are
included.

i AGMSIUM ALLOY DESIGNATIONS

The designations of the United States magnesium alloys are descriptive of the
composition of the material. The designation consists of an initial group of letters
indicating the main alloying elements, followed by numbers which signify the approxi-
mate average percentage content of each of these elements. A final letter is added to
indicate any modification of the basic composition.

The elements indicated by the initial letters are as follows:

A - Aluminium M - Manganese

H - Thorium Z -Zinc

K - Zirconium

Thus AZ91C is the third modification of a magnesium alloy containing 9 per cent
i ( aluminium and 1 per cent zinc, and AM100A is a magnesium alloy containing 10 per cent

aluminium and less than 0.5 per cent manganese.

NICKEL ALLOY DESIGNATIONS

The commercial designations are used for the United States nickel alloys.

TITANIUM DESIGNATIONS

The designations used for the United States titanium alloys are simple descriptions
of the approximate average -percentages of the main alloying elements. E.g. 6A1-4V is
a titanium alloy containing 6 per cent aluminium and 4 per cent vanadium.

The various grades of commercially pure titanium are designated in accordance with
the percentage purity of the titanium e.g. 99Ti or 99+Ti, or alternatively in accord-
ance with Fty of the material in 10 3lb./in, e.g. Ti-70 has a yield strength of
70 x 10 3 1b./in. 2

44

i m-1-
li imk



SPECIFICATIONS

As for all the National Sections, the specifications appropriate to the various

forms and conditions of the alloys are indicated on the Static Properties charts where-
ever possible. The sources of these specifications are indicated below: -

rThese are Military Specifications approved by the Department of Defense
mill for use by the Department of the Army, the Navy and the Airforce.
MIL:N Copies may be obtained from Commander. Wright -Patterson AFB, Ohio,
MIL-T IAttn. EWBFE.

QQ-M fThese are Federal Government Specifications and copies may be obtained
)WW-T from the General Services Administration. Washington D.C.

These specifications are non-Government Specifications issued by
AILS IS.A.E. and may be obtained from the Society of Automotive Engineers.

1485 Lexington Avenue. New York 17, New York.

MATERIALS COVERED

This Section of the Handbook lists the available established data on several magne-
sium, nickel and titanium alloys produced in the United States. These alloys are
those most widely used structurally in aircraft, neglecting as explained in the
Introduction to Volume III. those alloys used solely for castings or for rivets, with
the exception of magnesium castings.

Different forms of a particular alloy are usually covered by a different specifica-
tion for each form. For this reason the alloys are listed below together with the
more usual forms in which they are produced. and the specifications relevant to those
forms.

MAGNESIUM ALLOYS

Designation Specifications Forma

AZ31B QQ-M-44; AMS4375; AMS4376; AMdS4377 Sheet and plate'

QQ-M-31 Extruded bars; rods;
solid shapes & hollow
shapes

WW-T-825 Tubing

AZ61A QQ-M-31; AMS4350 Extruded bars; rods;
solid shapes &hollow
shapes

WW-T-825 Tubing

QQ-M-40; A.MS4358 Forgings

Cont ....

Mag-Ni-Ti -Al-U.S. -2-



Designation Specifications Form

AZ63A jQQ--56; A1S4426. AMS4422; AMS4424 Sand castings

I QQ-M-55; AMS4420; AS4422; ANS4424 Permanent mold castings

AZ80A QQ-M-31 Extruded bars; rods and
solid shapes

QQ-M-40 Forgings

AMS4360 Die-forgings and hand
forgings

AZ91C QQ-M-56; AMS4437 Sand castings

QQ-M-55; ARS4437 Permanent mold castings

AZ92A QQ-M-56; AMS4434 Sand castings

QQ-M-56; AMS4434 Permanent mold castings

HK31A Mil-M-26075; AMS4384; AMS4385 Sheet and plate

QQ-M-56; ARS4445 Sand castings

MIA AMS4370 Sheet

QQ-M-31 Extruded bars; rods;
solid & hollow shapes

-W-T-825 Tubing

QQ-M-40 Forgings

ZK60A QQ-M-31; AMS4352 Extruded bars; rods;
solid & hollow shapes

WW-T-825; AMS4352 Tubes

QQ-M-40; AMS4362 Die forgings

AMS4362 Hand forgings

AM100A QQ-M-55; AMS4483 Permanent mold castings

Cont....

Mag-Ni-Ti-Al-U.S. -3-

iii[A



NICKEL ALLOY

Designation Specifications Form

Inconel X MIL-N-7786; AMS5542 Sheet and strip

AMS5667 Bars; forgings

TITANIUM ALLOYS

Commercially Pure MIL-T-7993; AMS4900; AMS4901; Sheet; strip & plate
AMS4902

MIL-T-9047 Class I; AMS4921 Bars; forgings &
forging stock

AMS4941 Welded tubing

8Mn MIL-T-009046 Class I; AMS4908 Sheet and strip

4AI-4Mn MIL-T-9047 Class 6; AMS4925 Bars; forgings & forging
stock

6AI-4V MIL-T-009046 Class 2; AMS491! Sheet & strip
MIL-T-9047 Class 5; AMS4928 Bars; forgings & forging

stock

CHEMICAL COMPOSITION

The General Properties charts give the chemical composition by quoting the limits
of the alloying elements as a percentage by weight of the total.

CONDITION

The 'Condition' row on the charts refers to the type of heat treatment and condi-
tioning. The conditions of the various alloys are indicated on the charts by symbols

which are defined briefly as follows:-

MArESIUM

F - As fabricated.

O - Annealed, recrystallized (wrought products only).

H - Strain hardened.

-Mag-Ni-Ti -Al-U.S. - 4



Hl plus one or

more digits - Strain hardened only.

H2 plus one or
more digits - Strain hardened and then partially annealed.

H3 plus one or
more digits - Strain hardened and then stabilized.

W - Solution heat treated, unstable temper.

T - Treated to produce stable tempers other than F, 0 or H.

T2 - Annealed (cast products only).

T3 - Solution heat treated and then cold worked.

T4 - Solution heat treated.

T5 - Artificially aged only.

T6 - Solution heat treated and then artificially aged.

T7 - Solution heat treated and then stabilized.

T8 - Solution heat treated, cold worked and then artificially
aged.

T9 - Solution heat treated. artificially aged and then cold
worked.

TIO - Artificially aged and then cold worked.

NIMKEL

Details of the hest treatments for Inconel X are given in the following table:

-Condition Fully hear treated

1Faft••Ff) Precipitation heat treated
Treatirent j(ul-____ ______________

Heated at:- 2100 to 2125F 1900 to 2000°F
for:- 2 to 4 hours 15 to 30 min.

Cooling:- in air oil or water quench

Heated at:- { 1525 to 15750F 1275 to 13250 F

for:- 24 hours 20 to 30 hours

Cooling:- I rapidly in air
to 1300oF maxImum

Heated at:- T 1275 to 1325°F
for:- 20 hours

Cooling:- in air

Mag-Ni-Ti-A1-JU..1. -5-
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TITANIUM

Annealing and heat treating temperatures and times for titanium and titanium alloys
are given in the following table.

Material Comercially 8.41 4Al-4fMn 6A 1-4VSM t e i P u r e

Condition Annealed
Annealed Annealed Annealed Annealed Forgn

T oeatme n (Ann.) (Arm.) (Ann.) Aged Sheet
Treatment Forgings,

Heated at:- 1000-13000 F 1300°F 1300°F 1440 to 1300- 1275-
ý1460°F 1350°F 1325°F

for:- I to 2 hours 1 hour 2 hours 1 to 2 1 hour 2 hours
hours

Cooling:- in air at 30 0 °F at 300°F water at 50°F in air
per hour per hour quench per hour
max.to max. maxto
1050°F 8000F

Heated at:- 900°F
for: - 8 hours

NOTATI ON

The notation used in this Section of the Handbook for the various physical and
mechanical properties of the U.S. alloys is defined in the Notation chart in the
Introduction to Volume III. This chart alsc compare, the notations used for the other
National Sections. Points where any amplification is needed are dealt with under the
appropriate headings below.

UNITS

The units used for the various parameters and properties &re indicated oil each of
the charts. For mechanical propErties the stress6s and moduli are given in units of
10 31b./in. 2. whilst temperature is quoted in degrees Fahrenheit. For conversion to
other units see the Conversion Scales chart given in the Introduction to Volume III.

DATA BASIS

I The Introduction to Volume III of this Handbook describes the use of the symbols
W 'A' W B and 'C' denoting the data basis of the values for the various properties

given on the charts. Special aspects of this in relation to the values quoted for the
U.S. alloys are outlined below.

Mag-IV-Ti-A!-U.S. - 6-



A -This indicates that the values listed are the minimum to be expected for the
given material. The only values considered 'guaranteed minimum' are those for
Ftu and Ft. which are marked as data basis 'A' and which have been published by
the material producer for the grain direction accepted for commero al guarantees.
The remaining values marked as data basis 'A' are 'derived' values; that is,
sufficient tests have been made to ascertain that if the material meets the 'A'
value for Ftu, that material will have compressive, shear and bearing strengths
equal to or exceeding the values listed.

Insufficient data are available on the U.S. magnesium, nickel and titanium alloys
to quote any values to Data Basis 'B'.

C - This indicates that the values listed are typical for the material, there being
insufficient data to determine values for Basis 'A' or ''.

In general the data basis used on any chart is shown at the top of the chart, but
special attention must be paid to footnotes which sometimes indicate a different data
basis for some particular part of the chart.

STATIC PROPERTIES CHARTS: WROUGHT ALLOYS

TENSILE AND COMPRESSIVE STRENGTHS

The symbol Fty denotes the 0.2 per cent off-set yield stress in teasion. In the
United States this is generally termed the 'yield stress in tension'. Similarly, Fcy
is the 0.2 per cent yield stress in compression or the 'yield stress in compression'.

The sub-headings 1'. 'LT' and 'ST' used with the tensile and compressive strengths
on the Static Properties charts refer to the longitudinal, long transverse and short
transverse directions respectively.

The form and dimensions of the specimens used to determine the tensile and compres-
sive strengths are in accordance with the requirements of Federal Test Specification
QQ-M-151a which may be obtained from the General Services Administration, Washington
0D.C. The yield strength is determined by the off-set or extension-under-load methods.

STRAIN RA'TES

Data on the Static Properties charts are based on strain rates of 0.003 to 0.007
inches per inch per minute where possible. Where data are used which were obtained at
other strain rates it bas been ascertained that the rate is sufficiently close to the
0.0G0 to 0.007 range for strain rate effects to be insignificant.

ELASTIC AND SHEAR MODULI

The sub-headings V and 'T' used with the elastic moduli on the Static Properties

charts refer to the longitudinal and transverse directions respectively: Although the
values quoted for moduli are not strictly minimum values they may be regarded as Data
Basis 'A' values unless otherwise indicated bec.use they are very carefully choser.

Mag-Ni-Ti-A -U.S. - 7-



ELONGATION

The values of elongation given on the charts are quoted as the percentage elongation.

at fracture. over a gauge length of 2 inchms. The tests are made on the standard
tension test specimen appropriate to the form and thickness of the material being
tested ac indicated In the Federal Specification QQ-M-151a. In general the elongation
values are measured in the longitudinal direction. The values for the transverse
direction may be appreciably less. Where values in both directions are known this is
given on the charts.

The elongation values quoted on the Static Properties charts are all to Data Basis 'A'.

STATIC PROPERTIES CHARTS: CAST MAGNESIUM ALLOYS

Static properties are given f'r separately cast test specimens (Type of Test 'a').
The mechanical properties of nroduction cistings may be as low as 75 per cent of the
tabulated values. Non-destructive and proof testing requirements for the acceptance
of castings usied in primary, secondary or non-structural applications are given in the
specification Mil-C-6021D obtainabl6 from:

Commander.
Wright Patterson A.P.B..
Ohio.

Attn. EXFE.

The allowable stresses used in design are left to the discretion of the designer.

"Minimum and average tensile properties for specimens cut from castings are given in

the appropriate material specifications.

The form and dimensions of the specimens used to determine the tensile strengths
are in accordance with the requirements of Federal Test Spacification QQ-M-151a.

FATIGUE PROPERTIES

The data given on the Fatigue Properties Charts cover tests in rotating bending.
reversed flexure and repeated axial loading. A brief description of the various speci-
mens tested together with the theoreticeJ stress concentration factor in the case of
notched specimens is given on the charts.

For rotating bending, the tests were carried out on R.R.Moore rotating-býam fatigue

machines, using 0.3u inch diamerer machined and polished specimens. Die-cast specimens
were cast to shape.

For reversed flezure, the tests were carried out in Krouse constant-deflection type
fatigue testing machines on 0.25 inch thick cast and forged specimens and 0.064 inch
thick sheet specimens. Sand-cast specimens were machined; all other specimens received

no special surface treatment.

Mag-Ni-Ti-Al-U.S. - 8-



The repeated axial load tests were mado in Krouse direct tension-compression fati-
gue machines on 0.064 inch by 1 inch sheet specimens and 0.3 inch diameter machined
and polished sand cast and extruded sections.

In all cases the 'Nominal Maximuw Stress' quoted on the charts is the maximum
stress across the critical section of the specimen determined at the maximum load of
the fatigue cycle, without correction for stress concentration effects. The Stress
Ratio quoted on the charts is the ratio minimum to maximum stress during the fatigue
cycle with compressive stress being taken negative and tensile stress positive. It
should be noted that there is always a wide scatter of results with tests of this type,

and the values given on the charts represent mean lines through the scatter bands
except for magnesium alloys where the upper and lower limits of scatter are given.

ELEVATED TEMPERATURE DATA

On these charts the data are presented as percentages of the appropriate room
temperature values, which are indicated when known in brackets at the head of the
column. The data have been obtained from uncoat ad specimens heated in air.

Except for details of the gripped portion, specimens used for the elevated tempera-
ture tests are similar in dimensions to those used for the corresponding room tempera-
ture tests.

PROPERTIES ULNER LOAD AND ELEVATEP TEMPERATURE: CREEP DATA

On these charts the data are presented in the form of the stress required, as a
percentage of room temperature Ftu0 to produce a given total deformation at a given
temperature in a given time,

Total deformation is defined as the total strain at any given time. inclL•ing

initial strain but not including thermal expansion. This may be used to estimate the
deformation or deflection of structural parts.

July 1962
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U.S.
GENERAL PROPERTIES AZ 31 B

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

,' T
Form At Zn Mn SI Co Cu Ni Fe Others Mg

All 2-5 0-7 0-20 0-10 0'04 0"05 0.005 0005 0"30Al Rem ainder

Forms .'-5 F3 Min Max Max Max Max Max Max I

PHYSICAL PROPERTIES

Property Units Condition Temperature C _

20 100 200 30 0  4 0 0

W g m/Cm.3 0 [.78 [.77 [175 1[74

cal°,( Moc) 235 025 0-27 0285

(2) 0.19 0-21 0-24 0-26

K cca,.!(o' s.-c) 0
(4) 0-20 0-22 0-25 0-26

2) 25-8 26-4 26-6 2T.I

Iper6CxO-e 0 (3) 23?7 24.2 25-3 2.8

K (4) 26-4 26-4 26-7 27-4

6 1 0-13 0 215 0816

(1) Value between 2*C ond mtemperature Indicated. (2) Longlludit•l direction
D3)Lon transverse dirtctlan. (4) Short trt nsverse direction,
(W)Poilshed surface.



U.$S.STATIC PROPERTIES AZ 31B

(SHEEl I ) Mognesium Alloy
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STATI C PROPERTIES AZ 31 B

S (SHEET 2 ) - Magnesium Alloy
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U.S.

FATIGUE PROPERTIES AZ31B
Magnesium Alloy
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3a"'ORT TiM^E PROPERTIES U.S.
AT ELEVATED TEMPERATURE AZ 316B

(SHEET ) Magmeium Alloy
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RECOVERED PROPERTIES AFTER U.S.

EXPOSURE TO ELEVATED TEMPERATURE AZ 31 Bil , Magnesium Alloy
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DDAtDIU'TI•' I IMfl:'D I flAnt•........ ... "'""- u.s. ; :
AND ELEVATED TEMPERATURE A -m 'It ,.

(SHEET I)(SHEET I)Magnesium Alloy

Units: hrs., *F Data Bosis: C

CREEP DATA

Form Sheet

Condition H 24

Too0 0 0o80 S1
S~Total

T Deformation Per Cent Ftu
Per Cent

2 ~ T451183127 25 24J
3 143 354 30 2-7 25,

3500__ 4 46136 32

5 47 38 33 30

2 29 25 23 20 16

3 29 26 24 22 19 15
400

4 29 27 25 23 20 17 13

5 29 27 25 23 21 19 16 1

2 18 16 14 12 c d

3 17 15 14 10 7500

4 18 16 15 12 9 6

5 17 15 13 iO 7

2 7 65 -32

'3 t 9 8  75 3 I
•" .•600

: 4 9 T6 4 2

6z 1 1 8 I615[3

_ _ _ _ _ _ _ _ _ _ - - - _ ji



U.S.
GENERAL PROPERTIES AZ 61 A

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

SI Mi I I
Form AI Zn Mn Si Cu Ni Fe Others 1 Mg

5Extrusions 5-8 0.40 0.15 0"30 0.05 0005 0.005 030
- -IRemainder

Forgings 7"2 1"5 Min. Max. Max. Max. Max. Max.

PHYSICAL PROPERTIES

Property Units Condition 20 mperat0re oo 40
20 100 200 300 40

3 g m 1.79

C 1) COi/(m ) 0 0-25
C 111 c M. oz

K caf.cdtLcm! sec. 01) 0.19 0.19 0.19

I

-- i-{--(Za2 per*C xiO_" 25 z

(I) At 25*C

(2) Between 180C and temperature indicated



STATI C PROPERTIES U.6S.

(SHEET )Magnesium Alloy
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FATIGUE PROPERTIES ZI
Magnesium Alloy
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U.S.
GENERAL PROPERTIES AZ63A

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form At Zn Mn Si Cu Ni Others Mg

Sand 5.3 2.5 0.15 0.30 0.10 0.01 0-30
Castings 6.7 35 Min. Max. Max. Max. Remainder

PHYSICAL PROPERTIES

Temperature OC
Proper ty Units Condition 20 100 200 300 400

mW gm/1.C I182

C CO/gO) I 0-25

F 0-o.141

/K , T4 0.156
K cal.c•=• cor. S4 0 T5 0.125

_______ ___ ___ _______T6 0-J4'• _ _ _ _ _ _ __ _ _

a per0CxIO 25

- i

(I) Between 180C and temperature indicated.
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U.S.
STATIC PROPERTIES AZ63A

(SHEET ) Magnesium A'oy
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U.S.FATIGUE PROPERTIES AZ63A

Magnesium Alloy
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SHORT TIME PROPERTIES U.S.
AT ELEVATED TEMPERATURE AZ63A

(SHEET )Magnesium A-ioy
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!u US.

GENERAL PW1PERTIES AZ 80 A
Magnesium Alloy

CHEMICAL COMPOSITION { per cent)

Form Al Zn Mn Si Cu Fe OFer Mg

All. 7-.8 0.20 0o12 0.30 0.0ý53005 0.30
Forms 9.2 0-s min. max. max mox. o -- max. Rem°i" er

PHYSICAL PROPERTIES

Property Units Condition Temperatu.r. O•C __oo

______20 100 200 300 400

gw m4m. 1.80

cal grr.C) o.25t

K 0-1.cm./(cm. soc, c) 0.82 0-182 0.182

a (1) Per'CxXO'1 25-2

111 Bet.wn I10and temparoture indicated.



U.S.
STATIC PROPERTIES AZ8OA

(SHEET ) Mngnesium Alloy
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U S.

FATIGUE PROPERTIES AZ80A
Magnesium Alloy
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SHORT TI,._ o ,,e

AT ELEVATED TEMPERATURE AZ 80A
(SHEET ) Magnesium Alloy
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U IRECOVERED PROPERTIES AFTER U. S.
. AZ 80 A

EXPOSURE TO ELEVATED TEMPERATURE Magnesium Alloy
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FROPER~iES UNDER LOADA1n ELEVATErn "M-•PATURE U. S.(SHEET I ) Mognesium Alloy

Units: hours,OF. Data Basis:C

CREEP DATA

Form Forgings

Condition T 5

-
_ 0 0 0 0 00 8 0

S~Total
Deformation per cent F,.
Per Cent

0-2 24 24 24 24 24 24 23 22?21 20 19 18 17

0.5 51 49 47 45 44 42 40 38 36 34 33 31 29
1.0 47 45 42 40

0.2 22 22 21 20 11917 15 13 10 8 5 2 1

0 05 42 40 36 34 30 27 24 21 18 15 12 9 6300 1 12
1.0 14 12

"4 1a
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PROPERTIES UNDER LOAD U. S.

ANO ELEVATED TEMPERATURE AZ 80 A
(SHEET 2 ) Magnesium Alloy 2

Units: hours, *F. Data Basis: C
MINIMUM CREEP RATE

Form Forgings

Condition T5

Creep Rote _ o ' z o2f

T per cent F,.

200 1 24 28 33 38 42 46

300 3 5 1o 16

TIME TO TENSILE FAILURE

Form Forgings

Corndition T 5

t i L L 0

IY 2

T per cent orns

Co00io T50 84

300 24 23 22 21 20

to-------------------------------------------------------------------------------
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EIU.S.
GENERAL PROPERTIES AZ 91 C

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form At Zn Mn Si Cu Ni Others Mg

Sand 8-1 0.4 o013 0.30 0o10 001 0.30 Rmainder
____- - .inder. - -__ _

W-gCas•ing-3 1-0io Min. M aa.x. .IM.. Max.

PHYSICAL PROPERTIES

Property Units Condition Temperature 0C
_2o0 00 200 300 400

Wi g rLCM.3 1.e,

F 0.129

SK caLcm'/(cm"c .C) T4 0"109

T6 0134

a per*CxIO- 25

(111 Value between 20 and 1009C.



STATIC PROPERTIES AZ9IC

(SHEET )Mgnesium Alloy
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* ' IU.S.
*FATIGUE PROPERTIES AZ-9 ifIf

Magnesium Alloy
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QUflDT TIUE pftpcftb-~rGsr

AT ELEVATED TEMPERATURE AZ91C
'(SHEET Magnesium Alloy
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U.S.
GENERAL PROPERTIES AZ 92A

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form At Zn Mn Si Cu Ni Others Mg

Castings 8-3 1,6 0.10 030 0.10 0.01 0-30 Remainder
9"7 2.4 Min. I Max. MaLI Max. Max.

PHYSICAL PROPERTIES

Temperature °C ___

Property Units Condition 20 0
20 100 200 :300 400

W gm/CM. 1,82

C C/col M o.2

cK Cicm./(cm. .e 0o161 0.161 0o161

f ___l_ _ _

(2) -6

a per CXO I5
(I) At 250C. (2) Betwee, 189C and temperature indicated.

o4



STATI C PROPERTIES USAZ92A
(SHEET Magnesium Alloy
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• U.S.

FATIGUE PROPERTIES
AZ92A

Magnesium Alloy
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SHORT TIME PROPERTIES U. S.

AT ELEVATED TEMPERATURE AZ92A
(SHEET ) Magnesium Alloy
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S.... .... . . .. .... A Z9 2 A

EXPOSURE TO ELEVATED TEMPERATURE Magnesium Alloy
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GENERAL PROPERTIES HK31'A
Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

}Other Element other
F0 nN, T h Z r Z n Cu N i Each Total- Impurities Mg

_ _I - - - - - - - - - - - - I Total

Sheet 2-5 0-45 10.15 0.30Reade

n- - em ine

Plate 4:0 F* *001 Man. Max. 02 eane
2-5 0-5 0I001 -102

Catng*4:0 1. : MMax. ax ax. 11Max.

PHYSICAL PROPERT IES

Proert Untsondtio Temperature OC ___

Prpety Unt Cndtin 20 __00 200 300 400

w 9 m/'m3 1.79

c o M./~ 9 0-25 0-25 0-26 0-28 0,30

0he ý~ 0-252 0-265 0-283

Sheet II

K co~mmecc 24 0-270 0-281 0-296

CastigT 0.219 0-240 0-260

/(I)

a Wet X 10 27

/ E
mz

(1) Value between 20 and 2009C.
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STATIP t- U S
vn~rfl~5&~HK3NA

(SHEET I )Magnesium Alloy
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STATI C PROnPERTIES U.S.
(SHEET 2Magnesium Alloy
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FATIGUE PROPERTIES U.SK
HK31A

Magnesium Alloy
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U SHORT TIME PROPERTIES U.S.

AT ELEVATED TEMPERATURE HK31A
(SHEET ) Mognesaum Alloy
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B RECOVERED PROPERTIES AFTER U.s
HK3IA

EXPOSURE TO ELEVATED TEMPERATURE Mognulum Alloy
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* PROPERTIES UNDER LOAD

AND ELEVATED TEMPERATURE HK31A
(SHEET )Magnesium Alloy j

Units: hours, E Data Basis: C

CREEP DATA

Form Sand Costing

.1. -100 01

010 0 I'0 - w o 2

T Teomtlal Per Cent Ftu (Ft,,33 x O3Ib./in' at 780F)
Pet, Go"

0-2 33 32 3232 31 303029 2928 28127 27

400 0.5 46 46 454545 4545 4545 45 4443 42

*____1.0 50 50 4949 494949 48 484848 48 48

0-2 32 32 3130 292726 241221918s15 13

500 0.5 4444 4342 4139 137'351322927 23201

1-0 49149 48 48 47 45 44 42 39 36 35 29 22

0-2 28 27 25 24 23 2119 18 1514 12 9-47-6

550 0.5 41 4139 3835 3129 2622 1916 129-7

1-0

0-2 22 2120 1917 15 1412 10 8-5

600 0.5 37 363413129 2521 1914 10

1-0 4543 4038 34 29 2612217 13

0-2 21 18 15 13 11 8-9 7-1 5-7 3-8 3-0

660 0.5 29 25 21 118 15 12 94 7-615-3 4-1

i

a *
-g-

______________ _________________I,



I mU.S).

U t IGENERAL PROPERTIES MI A
Magnesium Alloy

CHEMICAL COMPOSITION (per cent)

Form Mn Si Co Cu Ni Others Mg
I__ I Total

All 1.2 0.30 0.14 0.05 0.01 0.30 Remainder
Forms Mki. Mcm Max. m x. Max.

K)

PHYSICAL PROPERTIES

Property Units Condition 20 Temperature 3C 00

20 O10 1 200[300 140

(W QmI,/cm3 1.75

cal '/(mO.C)0 o2

K c,.cm.Acm. ec..c) 0.302 0.302 0.302

a per CxiO, 25

( Bw E

, 111) Between 18CG and temperature ,ndicated.
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E l I STTC POET°US

(SHEET I ) Magnesium Alloy
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U.S.ElI I.,
STATIC PROPERTIES MIAt (SHEET P ) Mognesium Alloy
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IMIA
Mogrnesium Alloy

4n4

can
0

- -0--- ILL

o

V V
cE

0 00

CY 0 -~02
E C-

°!

o o
00

0c

00

- L. . 0 -

4--

sqoujoo.. ii cc

i &,•'=

L0



U.SZ.
GENERAL PROPERTIES Z K 60A

Magnesium Alloy

CHEMICAL COMPOSITION (per cent)
For ZnZr Other Other M

Elements miis

Total E ach Totl
4"8 0"45 0'15 0.05 0"20

Eictrusiois 4-S -501 .502 Remainder
6-2 Min. M•x. Max. Max.

1i4. 0.SO45 0"30
Forgings 0Remainder

PHYSICAL PROPERTIES

_____Temperature OC ___

Property Units Condition
20 100 200 300 400

w g n/cm ,.82

c ca /(g m:C) 0o25

F 10281K co,.cm•/(cm= e. - - _____

ST 5 0.289

a per CxiO" -6 25

1 4

___• , ( I) of 40"C.
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STATIC PROPERTIES U.S.

(SHEET ) Magnesium Alloy
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* I I
FATIGUE PROPERTIES U.ZS.

ZK60A
Magnesium Alloy

II

E

a " . 0, , , - • ; • ,0 t

M I N

to 00) 0 0 0 0 CQ 0
6 6

to U) In

0
0 E 0 0 0 ,

4-.. i. .f IJ- UJ

0 - - -- -

WO 0 E

0c ad c ,

00 9*

oc CL 0•.o
4--

ILI') I,, Q-in

0

4 "c 0

* F;C C "
." sa ou.oo.. Go '9o- <~-

_ o~m 6E>
In __ ____ ____ oo2....

4-0Uo~



GENERAL PROPERTIES AM I1OA
Magnesium Alloy

CHEMICAL (,OMPOST'ION (per cent)

Form AL Zn Si Mn Cu Ni Others Mg

;9"3 '0.30 !0-30 0.10 0.10 0.01 0"30
Castings 9 O*00000oio0,30 Remainder

10'7 Max. Max. Min. Max. Max. Max.

PHYSICAL PROPERTIES

Property Units Condition Temperature 6C
20 0oo

w gM/cm3 180

C COl/(g m.°C)

K co,.cmcm. Sec. C)

a per°CxlO"

I o I-



STATI C PROPERTIES AIQ

(SHEET )Magnesium Alloy
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U.S.SGEN ERAL PROPERT IES Inconel X.
.• ~Nickel Alloy

CHEMICAL COMPOSITION (per cent)

Form C MnISi SICr Co Ti Cu IALt Fe Cb iodC
II I (Nb) NanC

All 0.08 t1O0 0.50 0.01 14 0 1.0 2.25 0.50 0.40 5.00 0.70 70.0
Forms max. Max. Max. Max. 17.0 Max. 275 max. 1.00 900, 120 Min.

PHYSICAL PROPERTIES

Temperature OC

Property Units Condition 20 200 400 600 800

CA) 0 gm/c.3 Fully HT 8-25 8.20 8.11 8-04 7.94

C c gm. Fully HT 0.103 0.116 0.124 0.133 0157

K coa.l,4(cmea s.c. Fully HT 0.028 0-034 0.040 0.047 0.054

ja per0 CxlO 6  Fully HT 12-4 12.9 13.8 14.9 16.2

- Oxydised Surfoce 12 13 15 Is 26
q As RivedCleoned 9 11.5 14.5 18 22

0 per cent Polished. 6 8 I..5 16 19
z Total Hemispherical9

after 30min. Oxy- 9 9 9
____________ ___________ dislai, at 20009F ___ ___

- •i..!o os ~ooori



STAT IC PROPERTIES Inconel X

ISHEET I Nickel Alloy
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SHORT TIME PROPERTIES U.S.
AT ELEVATED TEMPERATURE Incoflel X

(SHEET )NickelAlloy
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PROPERTIES UNDER LOAD U.S.

A AND ELEVATED TEMPERATURE Inconel X
(SHEET Nickel Alloy

Units: hours, *F. Data Bosis:C

CREEP DATA

Form Bar Sheet

Condition Fully heat treated

t 0 • 0°
0 0 I1 0

Total
T * Deformation Per cent Fl Percent Ft

Per cent (Ft, atR.T.=162 x10 31b./jn.) (Ft.at R.T. =160xlO3 1 b./in')
0.2-

1200 0.5 49 44 40

1.0 51 46 41

0.2 27 26 23 20 24 19

1350 0"5 33 32 28 22 33 27 19

1.0 38 34 29 23 29 21

0-2 17 14 9 16 II

1500 0.5 16 10 18 14 '

1.0 19 16 9

0.2 8 6

1600 0.5 j 8 6

1.0 9 6

z--

2 {
i 1- 

- - - .



E II -PROPERTIES UNDER LOAD

AND ELEVATED TEMPERATURE Inconel X

(SHEET 2 ) Nickel Alloy

Units: hours,F Data Basis: C
r MINIMUM CREEP RATE

S~Form

Condition

(7 Creep Rate

TIME TO TENSILE FAILURE

Form Bar

Condition Fully heat treated

t -I10o'i 1 10 1O1 1IO1 10" I1

T Per Cent It,

(F,,at 8 0 *F= 162 x O0lb./in.)

1000 75 72 67 62

1100 68 61 55 49
I. - - -,•1200 52 49 42 35

1350 47 3$7 31 2518S

4A
4 1500 32 26 22 16 11 5

5o1600 ,4 , I 4 -



IU.S.

SGEN ERA L P.RAWP ,ERTI ES CO M M ERCiALLY PU R E
TITANIUM

CHEMICAL COMPOSITION (per cent)

- I Others Ti
Form C N 0 H Otr TiII Total

Sheet,Strip, 0.20 0.07 0.015 1060 (2) Rtemainder
Plate,Tubiu4. Max. Max. Max. Max.

Bors, 0.20 0'07 0"40 0'0125 0'80
(I uiQ ny Remainder

Forgings. Max. Max. Max. Max Max.

(1) Tubinq only. (2) For AMS 4901 and MII-T-7993 CL. I, 0.80 Max.

PHYSICAL PROPERTIES

___TemPerature 
0C

Property Units Condition 20 00

w Qm/cm3 Ann. 4.54

CCal./ m Ann. 0l125 1 0130 0-135 0.143 0-152

99+Ti AFn 0047 0"044 0"043 0-043 0'043
K icoi.rm./cm,.= "a

99 Ti Ann. 0041 0041 0041 0041 0.041

a per CxIO Ann. 8-73 9.36 9.54 9"72

C III



' i
STATIC PROPERTIES US.

COMMERCIALLY PURE
(SHEET I ) TITANIUM
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E31
STATI C PROPERTIES COMMERCIALLY PURE

(SHEET 2 ) TITANIUM
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SHORT TIME PROPERTIES U.S.
AT ELEVATED TEMPERATURE Commercially Pure

(SHEET ) Titanium
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it~7,

PROPERTIES UNDER LOAD3AND ELVATED TEMPERATURE U.S.
(SHEET Commercially Pure

Titanium 4

Units: hoursF., 1031b./in. Data Basis:C

CREEP DATA

Form Ti- 70 Sheet

Condition Ann.

0~ 0 0 ' _y jo121
Total -0)

Deformation Per Cent Flu (90 at Room Temperature)

2 35 34 331 33133 33 33 33 33 32

3 42 36 35134134 34 34 34 34133
S600 - - - - - - - - - -5 38 36136 35 35 35 34 34 34

7 42 :39 37 36 36 36 36 36 35

2 31 29 28 28 27 i27 27 27 27

8 3 31 30 2928

5 33 3129

7

2 20 19 19 17 14 13 12 12 II

3 20 20 20 18 16 14 13 12 121000 - - - - - - - - -

5 20 20 20 19 18 16 14 13 IG

7I 2 20 20 19 17 14 13 13 12
II

2 9-7 8-5 7-2 15-2 4.3 3-9 3-6 3-4

* 3 10 9 "3 8 "5 7 .0 5 "6 4 "6 3.9 3 "6 3-4
1200 - - - -- ---

5 10 9 -9 94 8"3 6 -5 5-3 4.2 3 .8 3.5

10 9 8 8 "9 7 "6 6 "0 4 "7 4 -0 37 4
A C(1) Including thermal expansion and elastic extension.

I!



U I

U.S.
GENERAL PROPERTIES 8 MnTitanium Alloy

CHEMICAL COMPOSITION (per cent)

Form Mn C 0 N H N - Others Ti

SSheet, Strilp 6.50 0.20 0.20 0-07 0-015 0.60 Re an r

and Plate. 9"00 Max. Max. Max. Max. Max.

PHYSICAL PROPERTIES

I ___Temperature °CProperty Units Condition 20_- 20 4

S20 200 1400 600 800

W g oo/CM4

C Cal gm.i 0.118 0"14 0-155 0-18 0.21

•K cI.cM/(•9.0c..) 0.026 0031 0.036 0-042

a per Cxl0" 9.1 10.1 11.2 124

*0 -U E

• --~

"("1 Between room temperature and temperature Indicated.

A A_



U.S.
SSTATIC PROPERTIES 8MnmA

( E Titanium Alloy
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.U.S

FATIGUE PROPERTIES 8Mn

Titanium Alloy
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*SHORT TIME PROPERTIE3 U.S.
AT ELEVATED TEMPERATURE 8Mn

ETitanium Alloy
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5ý 0,I,

i• U.S.IGENERAL PROPERTIES 4A.-S4Mn

Titanium Alloy
Ar

CHEMICAL COMPOSITION (per cent)

Form At Mn Fe 0 C N H Others Ti

Bars and 3.0 3.0 0-5 0.20 0.15 0.07 0)0125 0.40 Remainder

Forgings 5-o 50 . Max. Max. Max. Ia.L Max.

PHYSICAL PROPERTIES

Property Units Condition Temperature C
20 200 400 600 800

W gm/cm. 4.51

C cal'/(gm.0C) 013 0o14 0o155 0o175 0-195

K cal.cm.-(CM! ec. '() 0.0165 0.022 0.029 0.036 0.045

a per°Cx10" 8-9 9-3 9.9 10.4

() Between room temperature and temperature indicated.



STATI C PROPERTIES U.S.
4A1-4Mn

(SHEET )Titanium Alloy
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U.S.FATIGUE PROPERTIES 4A1-4Mn
Titanium Alloy.
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SHORT TIME PROPERTIES .

AT ELEVATED TEMPERATURE 4AI-4Mn
(SHEET "Titanium AlIoy
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PROPERTIFS IIPlNnFR I nAn.S
AND ELEVATED TEMPERATURE 4AL-4Mn

(SHEET) Titanium Alloy

Units: hours,°F, lO0lb./in.2  Data Basis: C

Io MINIMUM CREEP RATE

S..Form

Condition

Creep Rate I

I _______________

_______ -1--r- i -I

TIME TO TENSILE FAILURE

Form Bar

Condition Ann.

t0.1 1 O 10 1000 i

IT Per Cent Ftu (140 at R.T.)

80 97 [91 88"51 z4
200 86 1 84 81-5 73.6_ _

400 77"5- 75 75.5 Ti

1 01z 600 71 _ 68 66 61

800 64.5 F6.5 48.5 30

______ .- I.- -- -- -- -iii
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GENERAL PROPERTI ES 6AL-4V
Titanium Alloy

CHEMICAL COMPOSITION (per cent)

Form At V Fe 0 C N H Others Ti

Sheet, Strip 5.50 3.50 0.30 0-15 0.100 0040

and Plate. 6"75 4-50 MO.L Max. Max. Max. Max. j Max.

Bars and 5.50 3.5010.30 0.15 0-10 0.05 0-0125 0.40
Forgings. I g Remainder

_ 75 4."50 Max- I Max. Max. Max.

PHYSICAL PROPERTIES

Property Units Condition 20 Cot C __oo

__20_ 200 400 [Boo

I t
W gM./m. 4.,.3

'I

Mc ca1/(gm.C) I3 5 o1 05 0-138 o043 0-153

oK clm.c Inc.se 010157 0.0165 0.0214 0-0248 0.0278

a ') perOCxlO• Ia e X 01-4 8.6 8.8 9.1

z(oet

(1) Between room temperature and temperature indicated
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U.S.
STATIC PROPERTIES 6 AL-4V

(SHEET I) Titanium Alloy
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U. S.
STATI C PROPERTIES G-AL - 4V

(SHEET 2 )Titanium Alloy
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SHORT TIME PROPERTIES U. S.
r-Al - A%/

AT ELEVATED TEMPERATURE Tit an, -Al v
(SHEET )Titanium Alloy
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RECOVERED PROPE-TiE- AFTER .6A 4V

EXPOSURE TO ELEVATED TEMPERATURE Titanium Alloy
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